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INTRODUCTORY NOTE. 



With the present volume we do not so much desire to aug- 
ment the number of psychological periodicals as to inaugurate 
an exponent of psychological research in Canada, which 
has hitherto been without a representative publication. The 
Psychological Series of the University of Toronto Studies appears 
at irregular intervals and is intended to contain for the most 
part tlie results of research in the Psychological Laboratory of 
the University of Toronto, although contributions from elsewhere 
may be accepted. Tfie Laboratory, founded by Professor J. Mark 
Baldwin in 1891 (and described by him in its then state in the 
March number of Science, Vol. XIX., 1892, page 143, etc.), has 
considerably expanded in recent years. It is therefore expedient 
for the information of the reader in regard to the localities 
referred to in our articles to append to this volume a small 
plan of the Laboratory in its present condition. 

A. EinSCHMANN. 
Univertity of Toronto^ Nov., 1900, 



INDEX TO THE ACCOMPANYING PLAN 



1. Small Lecture room, at present used also for optical research. 

2. Room for class-work, also used for experiments on reaction-times, etc. 

3. Private room of the Director. 

4. Dark room (for photographic purposes). 

5. Larger Lecture room.* 

6. Store room for demonstration apparatus. 

7. Library and reading-room. 

8. Assistants' room. 

9. Research room for psychological optics. 
10. 

1 1. Dark room (for shadow experiments, photometry, etc.) 

12. Research room. 

13. ** (illusions of weight at present) . 

14. Ethnological Museum, temporarily used by the Psychological Department 

for reseat ch in colour-aislhetics (skylight). 

15. Acoustical room. 

16 (with two annexes). Research room for optical experiments (skylight). 



^ The Lecture rooms used for the larger classes are not included in this pla 
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THE SPACE-THRESHOLD OF COLOURS: AND 
ITS DEPENDENCE UPON CONTRAST 



By 
W. B. LANE, i^.A. 



THE SPACE-THRESHOLD OF COLOURS AND 
ITS DEPENDENCE UPON CONTRAST. 



FIRST ARTICLE 

BY W. B. LANE, M.A. 

I. 

INTRODUCTORY. 

In an article by Mr. J. 0. Quantz, B.A., published in the Ameri- 
can Journal of Psychology, Vol. vii., No. 1, the dependence of size 
estimation upon colour is discussed. This problem naturally sug- 
gested a converse inquiry into the dependence of colour perception 
upon size. But colours are not ordinarily seen in complete isolation. 
There is always an environment which exercises, through contrast, 
a decisive influence upon the perception of colour. It therefore 
appeared desirable not merely to investigate the question under con- ^ 
ditions of contrast, which in some form was unavoidable, but to 
examine into the specific nature of the relation between particular 
kinds of contrast, e,g.y pure colour contrast and magnitude of 
coloured surface. 

The field of optical contrast is of great extent and includes a 
considerable variety of distinguishable influences. It will be neces- 
sary to discriminate between them both for the purpose of investi- 
gating the bearing of contrast upon the problem in hand, and in 
order to define the particular kind of contrast with which we are 
concerned. Optical contrast has been divided into successive and 
simultaneous contrast. The former, successive contrast, is identical 
with the phenomenon of after-images. If one turns away after look- 
ing at a dark surface on a bright ground, one will have a series of 
alternating positive and negative after-images, in the latter of which 
the ground will appear dark and the dark surface bright. This inver- 
sion of the relationship between surface and ground in the negative 
after-image is a case of so-called successive contrast. That part of the 
object of consciousness which at one moment was bright appears at 
a subsequent moment dark, and the dark portion appears bright, a 
fact which seems to indicate that the relationship between the parts 
of the after-images in respect to brightness is inversely dependent 



upon the same relationship as it exists between the parts of the 
preceding original images. Helmholtz in his Physiological Optics 
states the law thus : " After looking at a colour A of moderate 
intensity then look at another B. If the after-impression is not 
suflScient to produce a positive image it produces a negative image 
of A on B, The parts of B which are in the same place as A are 
dimmed. If A and B are of the same tone then B is rendered more 
whitish, if they are complementary A'b saturation increases. If B 
is between A and its complementary it passes for a neighbouring tone 
which is further from A and nearer its complementary. Otherwise 
B becomes dark as much as A becomes more bright." It was from 
this kind of contrast that we sought to free our experiments as far 
as possible. 

Simultaneous optical contrast embraces all, and more than all 
the phenomena of contrast whose connection with the space 
threshold of colour I seek to trace in this paper. It includes all 
such phenomena as the moditictition in apparent size, colour, etc., 
which one visible surface exerts upon our visual impression of 
^another surface at the moment of that impression. There iway be 
several kinds of modifying influence by which to classify the facts 
of simultaneous contrast. It may consist in (a) modification of the 
apparent size of the surface (extension contrast), (6) modification of 
the apparent brightness of the surface (brightness or intensity con- 
trast), (c) modification of the saturation in the case of a coloured 
surface (satiuration contrast), {d) modification of the colour tone of 
the surface (colour contrast), or (e) modification in the emotional 
tone accompanying the perception of the surfaces.* In our usual 
experience these kinds of contrast appear for the most part in com- 
bination, but they are for all that quite distinct, and, in scientific 
abstraction, separable features of ordinary contrast effects. The 
only one likely to be obscure is saturation contrast, to which alone 
therefore I will briefly refer. By saturation as distinct from colour 
tone and brightness is meant the degree of colour quality as com- 
pared with the absence of the same. By colour tone, on the other 
hand, is meant the degree of transition in a closed manifoldness of 

* For a discrimination of the various kinds of Bimultaneous optical contraist 
see American Journal of Psychology, Vol. iv., No. 4: **Some Effects of Con- 
trast," by Dr. A. Kirschmann, and the same author's inaugural dissertation^ 
** Ueber die quantitativen Yerhaltnisse des simultanen Helligkeits- und Farben- 
Oontrastes," in Philosophische Studien, Bd. vi., p. 417. 



-colour wherein the tone is determined, not by relation to the absence 
of colour quality, but by relation to other colour qualities of the 
same manifoldness. For example, green, red, orange, ete., are trans- 
itions in a closed series of colour which begins and ends in colour, 
but between each of these, taken separately, and the disappearance 
of colour altogether there is a series of transitions which rise from 
the zero point of colour quality to the highest possible degree of it. 
These latter transitions are called degrees of saturation of the parti- 
cular colour, whether it be green, red, orange, or any one of the 
infinite possible transitions in the closed colour manifold. In other 
words if we represent the transitions of colour tones graphically as 
a circle we must convert our two-dimensional circle into a geometri- 
cal figure of three dimensions in order to make it also represent the 
manifold of possible saturations. That saturation, and therefore 
saturation contrast, are not mere matters of speculative formula, 
which can practically be neglected in considering the possible con- 
tingent influences to be eliminated in an exact examination of colour 
contrast, is shown by the fact that it is possible to vary the satura- 
tion of coloured surfaces without changing the light intensity or 
colour tone. Dr. Kirschmann has succeeded in doing so by means 
of colour discs. For a description of the means employed 1 refer 
to his article " Colour Saturation and its Quantitative Relations " 
(American Journal of Psychology, Vol. vii.. No. 3), in which he has 
given a preliminary account of the subject. For my purposes it 
sufl^ces to point oUt that saturation contrast, which means contrast 
between different degrees of saturation, all of equal light intensity 
and the vSame colour, is a possible contingency which had to be taken 
account of in the prosecution of our contrast study. 

Since in any ordinary case of colour contrast there are these 
different influences at work, it was neceasary to disentangle them as 
far as possible and to confine our investigation to one alone. Accord- 
ingly in our inquiry we sought to limit ourselves mainly, if not 
absolutely, to colour contrast, by which is meant contrast of colour 
tone, not in the ordinary careless use of the term but in its strict 
significance as distinguished from saturation and intensity. Our 
problem then in its bearing on contrast phenomena is mainly to 
examine the relation which holds between colour contrast and the 
magnitude of coloured surface in the initial stages of the perception 
of a coloured object. By magnitude is meant not the absolute size 
•of the surface but the visual size, if we may so speak, that is, the 



size as relative to the perceiving eye, which the absolute size of the 
surface and its distance from the eye conjointly determine. The 
visual size of an object is measured by the angle which that object 
subtends at the centre of the pupil of the eye, an angle which is- 
named the visual angle and which for any object of constant mac^ni- 
tude varies with the distance from the eye. Of course for every 
object at any distance there are as many visual angles as it has dif- 
ferent diagonals and diameters. If the visual angle (selecting for 
the purpose either a diagonal or a diameter angle) at which a col- 
oured surface is first distinguishable in its proper colour tone may 
be called the spatial threshold of that colour, we define our present 
problem as an inquiry into the spatial threshold of colours, especially 
when those colours are subjected to the contrast influence of other 
colours. Incidental to the examination of this problem will come 
naturally also an investigation into the influence of colour contrast 
upon two other possible spatial thresholds, viz., (1) the threshold at 
which a coloured surface appears first as light, and (2) the threshold 
at which such a surface appears coloured though not in its proper 
colour tone. These will form subordinate problems whose elucida- 
tion will necessarily take place concurrently with that of the main 
problem. For it has long been well known that a colour, whether 
under the contrast influence of other colours or not, does not retain 
its characteristic colour quality at very small visual angles, nor does 
it, by the gradual enlargement of the visual angle from zero, emerge 
at first upon the vision fully formed in its proper tone. On the 
contrary almost all colours lose their special colour quality at 
determinable small visual angles and appear either only as light or 
as some other colour. A very familiar example is the greyish 
appearance of a distant autumnal hillside, clad in leaves which are 
beginning to change their tints. At a distance of three or four 
miles it is not only impossible to distinguish the colour qualities of 
the variously tinted surfaces, which on closer inspection are seen to 
be massed into a mosaic of peculiar beauty, but their joint effect at 
a distance is frequently that of a characterless russet grey. The 
reason is that each of the colour surfaces subtends so small a 
visual angle that its stimulus is below the threshold of perceptibility 
for that colour ; and while at nearer view they would make good to- 
the spectator their many differences of colouring, yet in the greater 
distance the purple, orange, yellow, red, green, brown, with their 
many shades and hues to be found in such a landscape, are indisr 



tinguishably blended in one poorly saturated reddish colour, or even 
reduced to a plain colourless grey. Another illustration of the same 
fact is our inability to distinguish the violet colour of a pansy at 
a distance which is not great enough to render the object itself 
quite invisible. On withdrawal of the spectator to sufficient distance 
the flower becomes indistinguishable from a dark grey or black 
spot and at still greater distance disappears entirely. When we 
approach 'again it gradually becomes visible, first as a point of grey 
light and then as coloured though not yet violet. Still nearer the 
violet character of its colouring is distinctly perceptible. From 
these familiar examples the fact is illustrated that most coloured 
objects have three diflferent stages of perceptibility which are 
dependent upon their spatial relations to the eye of the percipient. 
The first is when they are merely visible but without colour at all ; the 
second when they are seen to be possessed of colour though not the 
proper colour ; and the third when they become visible in their cor- 
rect colour quality. The exact delimitation so far as possible of 
these three thresholds of colourless, chromatic and characteristically 
coloured light for all the variety of colour presented by the spectrum 
is the aim of the present paper. The problem with which we 
started was to determine the last of the above, but in dealing with 
it the question of the two former naturally arose. In the percep- 
tion of a coloured object the lower thresholds must be passed 
through before the third is reached, and therefore they also properly 
fall within the scope of this paper and were investigated at the 
same time as the main problem. 

I do not mean to imply that every colour will have three 
thresholds absolutely distinct from one another without the possi- 
bility of a coincidence of any two of them or of all three. There 
are many facts apart from those which have made their appearance 
in the course of our experimental treatment of the problem which 
would bear strong evidence against such an assumption. It has per- 
haps frequently been noticed that a red light, for instance the port 
light of a vessel at sea or the danger light of a train, remains visible 
as red almost or quite as long as it is visible at all, which goes to 
indicate that its achromatic, chromatic and characteristic colour 
thresholds as distinguished above are not separated but coincident. 
Our experiments have corroborated such observations, showing in a 
more exact and quantitative way that red is a colour which does 
not easily or at smallest surface sizes lose its colour quality, but is for 
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the most part distinguishable as red just as long as it can be dis- 
cerned at all in the diminution of its extension. For most col- 
ours, however, it will be found that the three stages of discernment 
are distinct, and consequently will require separate examination. 

II. 

HISTORY OF THE PROBLEM. 

The phenomenon of a space threshold of colour was noticed 
in the early history of physiological and psychological science 
although it did not receive careful investigation. It was noted and 
passed by without any thorough inquiry into the details or 
quantitative relations of the problem. Such cursory treatment 
practically amounted to nothing more than calling attention to the 
existence of a subject that demanded scientific investigation. 
Within recent years, however, some attempts at explanation have 
been made which yet, as we shall see, have not completely satisfied 
the conditions of such an inquiry. 

As early as 1823, the dependence of perception of colour upon 
the visual angle of the coloured surface was noticed by Purkinje.* 
He called attention to the fact that both intensity and visual angle 
play an important r81e in the perception of colour. " Sensibilitas 
oculi in specificam coloris cuiusdam qualitatem ad diversas dis- 
tantias et sub certis gradibus luminis examinari poterit, nam notum 
est qualitatem illam colorum in objectis affatim minutis ad justas 
distantias evanescere.*'"f' 

Plateau was the firr^t, perhaps, who noticed and recorded the 
fact that colours disappear as colour at very small visual angles of 
the coloured surface.^ However, he made no further use of his 
observation, and did not attempt any detailed inquiry into the 
subject. In fact none of the early investigators sought to deter- 
mine with any exactitude the nature of the relationship which they 
observed between the visual size of a coloured object and its per- 
ceptibility as colour, and, so far as I can find, no fruitful advantage 
was taken of the fact which these early scientists had noted. Not 
until comparatively recent times, by Von Wittich and Aubert,was any 
attempt made to determine quantitatively the relation of colour 
perception to the size of the coloured surface. 

* Commentatio de examine ors^ani visus, etc. Breslau, 1823. (P. 15.) 
t Quoted by Aubert in his Physiologische Optik, 
I Poggendorffs Annalen, Bd. 20, 1830. (P. 327.) 



Von Wittich records in the Konigsberg medical Year Book some 
interesting experiments made to ascertain what were the smallest 
visual angles at which the several colours could be perceived, either 
at all and in any form, or as of their proper quality. The results 
obtained were twofold, the objects being viewed momentarily on the 
one hand and on the other continuously for sufficient time to render 
possible a secure judgment. The following tables give his results 
which will subsequently be used for comparison. 

Black Ground, 



Colour 


Momentary view 


Continuous view 




Visible 


Coloured 


Visible 


Coloured 


Red 

Orange 

Yellow orange 

Yellow 

Pure green 

Dark green 

Pure blue 


1 23 
1 4 
1 9 
1 23 

1 23 

2 17 

1 14 

2 17 
1 14 
1 43 


1 58 
1 32 
1 32 
1 23 

1 43 

6 53 

2 17 

7 38 
2 17 
6 53 


1 4 
1 4 
1 14 
1 4 

1 4 

2 17 
1 14 
1 58 
1 32 

3 26 


f n 

1 4 
1 4 
1 11 
1 4 - 
1 43 
3 16 
1 43 


Dark blue 


3 26 


Rose 

Violet 


1 32 
3 26 



yfhiU Oround, 



Colour 



Red 

Orange 

YeUow orange 

YeUow 

Pure green . . 
Dark green. . . 

Pure blue 

Dark blue 

Rose 

Violet 



Momentary view 



Visible Coloured 



23 
43 
17 



6 53 

2 17 



23 
23 



1 23 
1 43 
1 32 



6 53 

3 8 

5 43 

6 53 

3 26 
13 46 

4 35 

5 17 
4 35 

13 46 



Continuous view 



Visible 



1 9 

1 4 

2 17 

3 2G 
1 43 

13 46 

1 9 



Coloured 



2 50 

1 32 

2 50 

3 26 
1 43 

13 46 

1 43 
(2 17) 

2 17 
2 50 
5 43 



8 

As Plateau had previously seen, when he said that coloured 
objects at small visual angles appear as a scarcely perceptible cloud. 
Von Wittich noticed that colours at very small visual angles lose 
their characteristic tone and appear either as quite colourless light 
or of some other colour tone. In his experiments tabulated above 
be therefore investigated what might be called two space-thresh- 
olds of colour perceptibility, the one where the surface is barely 
visible at all and in no case correctly coloured, the other where it is 
seen coloured. In short he has treated what we have already dis- 
tinguished as the achromatic space-threshold and the chromatic 
spa>ce-threshold, though he has not made the distinction between 
the merely chromatic and the proper colour threshold (or what we 
have designated the characteristic colour threshold), wherein the 
coloured surface is not only seen to be coloured but, what is quite 
different in many cases, seen coloured as it actually is. 

The means which Von Wittich employed in his investigationa 
were small coloured squares which he moved to and from the 
observer by gradual transition until the different threshold points 
were reached. The distances from the observer and the absolute 
size of the coloured objects being known, it was a matter of easy 
calculation to interpret the observations in the form of visual angles. 

Von Wittich in his work noticed and emphasized a fact 
which was disclosed also in the course of our experiments, that 
when an object becomes barely visible it becomes so only moment- 
arily and will appear and disappear again in the most capricious 
manner. Especially is this the case in a darkened room where the 
observer has no distracting light to employ his attention except that 
which is looked for from the object. Then the point of light will 
break into the field of vision from the most unexpected quarter, will 
dwell for scarcely a moment, then suddenly disappear to appear 
again in the vision field in some other place. Von Wittich also 
noticed the same peculiarity of momentary visibility in the emerg- 
ence of the colour sensation. He has recorded the observation that 
in the first stages of colour perception, the colour, as before in the 
case of mere light, is seen only intermittently, and that too only in 
the case of movement either of the eyes or of the object itself. He 
gives a very interesting example of this necessity of movement in 
his experiment with coloured fibres, some of which were fixed at a 
certain distance and some were in movement. The moving fibres 
were seen as coloured from a greater distance than those at rest,. 



9 

thus indicating that movement certainly plays an important role in 
the perceptibility of colours. We have found frequent confirmation 
of this observation of Von Wittich's in the course of our experi- 
ments. It was a common experience for our observers, after having 
affirmed that they saw the light point coloured, to recall the affirm- 
ation because the colour had instantly changed again into the point 
of colourless light And the reason was not far to seek. In their 
endeavour to identify the colour just emerging they had fastened 
their eyes upon it too fixedly, with the consequence that the colour 
quickly disappeared. As soon as the fixedness of their gaze relaxed 
and the eye was permitted to perform those slight involuntary 
movements, which always accompany a clear visual perception, the 
colour reappeared forthwith. 

Von Wittich did not fail to notice the fact that a considerable 
difference in the space-thresholds of colours obtains, according as 
those colours are viewed upon a black or upon a white ground. 
An examination of his tabulated results given above shows that the 
colours he employed have usually somewhat higher space-thresholds 
against a white than against a black ground. There are some 
notable exceptions, as, for example, dark blue, which on a white 
ground by momentary inspection is first visible at a visual angle of 
1' 23", and first seen as coloured at a visual angle of 5' 17" ; on con- 
tinuous view it is first visible at a visual angle of 1' 4", and first 
seen coloured at 2' 17". On a black ground momentarily viewed it 
is first visible at 2' 17" and coloured at 7' 38", steadily viewed it is 
first visible at 1' 58" and coloured at 3' 26". There are other incom- 
plete exceptions such as violet which on a white ground is seen 
uncoloured earlier than on a dark ground, although the discernment 
of it as coloured comes at a very much greater visual angle for 
white ground than for dark. The probable explanation of these 
exceptions is to be found, it seems to me, in the fact that the black 
which Von Wittich employed was black cardboard, by no means a 
good specimen of non-reflecting surface. As compared with the 
black of a good velvet, black cardboard is grey. This goes to 
show that surfaces which we call black are only relatively black 
and consequently that a haphazard choice of them for employment 
as black grounds in experimental work might easily lead to a con- 
dition where the ground actually reflected scarcely less light than 
some of the colour pigments. It is likely that something of the 
kind has been the case in Von Wittich's experiments. The violet 
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and blue pigments which he used were pigments which relatively to 
the other colours reflected very little light and consequently were 
much more akin to black than the rest. The contrast of brightness 
intensities between giound and pigment in the case of these two 
would be much less when the ground was black cardboard than 
when it was white, whereas with the brighter colours the exact 
opposite would probably occur. We should therefore naturally expect 
that violet and blue would prove themselves at variance with the 
other pigments in regard to their colour thresholds on white and 
black grounds, that they would in fact have lower thresholds on 
the white ground than on the black, while the others had lower 
thresholds on the black ground. On the other hand, had the black 
gi'ound used been not merely a comparative black, such as card- 
board or even velvet, but actually a surface reflecting no light what- 
ever, then it is possible that the blue and violet wouLJ have followed 
the same rule as the other pigments. 

Aubert, in the work svhich he has done, so far as it bears upon 
the problem of the space threshold of coloure luis largely followed 
in the footst.eps of Von Wittich. He has indeed refined somewhat 
upon the means employed but in the total outcome he has made 
very little advance. He employed coloured squares of two milli- 
metres in diameter placed equidistantly from the spectator in diffufce 
but clear daylight. The observer withdrew to a distance at which 
the squares could no more be seen. He then gradually approached 
to such positions as would respectively enable him just to see the 
objects as uncoloured, advanced further until he could see them as 
coloured, whether properly or not. and still further until he saw 
them in their proper tones of colour.* By measuring the distances 
of the observer's several successive positions he had the material 
for a calculation of the visual angles which coloured square sur- 
faces must subtend in order to be, rirst, seen at all, secondly, seen 
coloured and thirdly, seen coloured correctly. In order to rest the 
vision Aubert also used in his experiments darkened tubes for the 
eyes with a mask to close off the diffuse daylight which illuminated 
the colour pigments.+ 

The results which Aubert attained were considerably different 
from those of Von Wittich. This difference he ascribes to three 

'"'Abhandlungen der schlesiBchen Gesellschaft (Breslau, 1861), and Physiolo- 
gische Optik. 

t Aubert, Phyaiologie der Netzhaut, p. Il6. 
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main causes, (I) the place of the illumination, (2) the pigments used 
and (3) the subjective uncertainty concerning the extreme limits 
which can be set to perceptibility. He found* that orange appears 
coloured from the first, at 39" as red, at 59" as orange ; red on a 
black ground at 59" is seen as red, while on a white ground at 59" 
it is dark, almost black, and becomes coloured at 1' 43"; ultramarine 
blue on a black ground at V 14" is grey, at 4' 17" blue, while on a 
white ground at 1' 8" it is black and only becomes visible as blue at 
5' 43" ; bright blue and bright green appear at 1' 8" both equally 
grey (light grey on black and dark grey on white ground), while 
they become discernible as blue and green at about 2'. The follow- 
ing further results are taken from some note^ on Aubert*s Phyaiologie 
der Netzhaut : — Rose on a black ground appears grey at 39", at 59" 
yellow, at 1' 8" golden yellow, at 1' 23" reddish yellow, at 3' 47" 
rose ; dark brown at 1' 8" is seen as fawn-coloured ; green at 1' 8" 
is bluish at 1' 49' green ; on a white ground bright blue is seen as 
black at V 8" and at 1' 49" as dark blue. Orange is first seen coloured 
at 35" ; red is tirst seen coloured at 39", green at 44", blue at 2' 7^ 
yellow at 41 '. 

From the above figures it will be plainly seen that the discrep- 
ancies which Aubert himself noticed between his own and Von 
Wittich's results and between his own at difierent times are not 
inconsiderable, so far at least as the absolute numerical values of 
the visual angles are concerned. Whether the relative values among 
the various colours show any similarity or regularity as between 
the results of the two investigators we are unable to pronounce 
upon, because the colour list which Aubert used and that of Von 
Wittich have few points in common. Had they both employed the 
same set of colours it might have been shown that although there 
were considerable discrepancies in the actual figures given by the 
two for any one colour, yet the mutual relationships among the 
various colours were fairly constant. 

Aubert has made one material advance upon Von Wittich's 
work in the investigation of this problem. He has contributed to 
the more definite distinction of the mere chromatic from the 
characteristic space threshold. Von Wittich combined the two in 
the records of his observations although he did not fail to notice 
the existence of the distinction. Aubert not only definitely enunci- 
ates the distinction, but also gives it a quantitative expression and 

^Auberfc, Physiologiflche Optik, p. 537. 
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notes the vi-jual angles of the colours quite as carefully when they 
are first seen coloured, though incorrectly coloured, as when they 
are seen in their proper tone. 

The work which Von Wittich and Aubert have done upon this 
problem of the space-thresholds of colour perceptibility cannot but 
be seen to be incomplete in method and results. Its deficiencies, 
however, are largely those which attend pioneer efforts in any line 
of work. For them the question arose as a curious fact of no small 
interest in the midst of other problems more immediately engross- 
ing, with the inevitable consequence that the investigation was not 
completely carried out in all its various and obvious divisions. 
The subject which they dealt with in a somewhat incomplete way 
is capable of considerable extension. They recognized in some 
degree the influence which contrasting surfaces have upon the per- 
ceptibility of colours. Thus they took into account the difference of 
white and black surfaces in this regard, examining their colours 
when subject to the contrasting influence of black and white 
grounds. But although it is quite as frequent in every-day experi- 
ence for colours to be seen upon backgrounds of other colours as 
upon the colourless grounds of white and black, yet it never seems 
to have occurred to these early investigators to examine the per- 
ceptibility of colours imder the ordinary influences of colour con- 
trast. It is not improbable that colour contrast would introduce 
quite as considerable variations into their results as did the contrast 
with white and black. And indeed our own experiments have 
confirmed this primd facie probability as will be seen subsequently 
in the exposition of our results. 

Apart from the omission of Von Wittich and Aubert to extend 
their investigation to the full limits of the problem we cannot fail to 
notice the unsatisfactoriness of their method even witliin the cir- 
cumscribed sphere of their inquiry. AVhat precautions did they 
adopt to insure with fair reliability that the thresholds which they 
found for the perception of colour were really assignable to the 
colour perception per se rather than to colour perception aided or 
retarded by some other accessory conditions ? For example, can 
we be sure that the threshold of 39", at which Aubert finds that 
orange is seen as red, is really the chromatic threshold of orange, 
unaffected by contrast of light ? It appears to be quite probable 
that this result is in part due to the influence of the contrasting 
intensities of the colour pigment used and its surroundings. It is 
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indeed true that these investigators do not attempt to maintain 
that their results indicate anything but the perceptibility of colours 
when seen upon certain specific grounds, namely black and white. 
Such results may have served their purpose and observations on 
that basis may be of considerable practical value. But I must 
insist that the mere fact of their performing their experiments 
under certain conditions of contrast is far from being a recognition 
or discovery of the exact part which contrast plays in the matter. 
Again it appears to me to be scientifically desirable to remove in 
some way if possible the contribution which intensity contrast 
brings to the results recorded, and to isolate the conditions that 
produce pure colour perception. Neither Von Wittich nor Aubert 
made any attempt to separate the factors that entered into the 
colour pei-ceptions which they examined. I do not mean to 
suggest that it would be possible to remove the factor of light 
intensity altogether from the field in order to get at the perception 
of colour pure and simple. This would be to eliminate colour itself, 
because every colour must have a certain intensity as light. But 
it is not necessary to do this in order to secure the separation of 
the two factors. What is necessary is to prevent inequality of light 
intensities and thus to remove the disturbing influence of light 
contrast. This would be effected if it were possible to equalize the 
intensities of ground and colour. 

It is very likely that neglect to eliminate the influence of light 
contrast between the pigment surfaces examined and the grounds 
on which they were seen contributed largely to the disagreement 
which Aubert finds between his own results and those of Von Wit- 
tich and also to the discrepancies which occur in his own observa- 
tions ; not that they are altogether due or even mainly due to this 
cause, but such an influence must indisputably have had a great 
effect in modifying results, and in the nature of the case must have 
been brought into play in different degrees not only in Von Wittich's 
experiments, as compared with Aubert's, but likewise in the various 
examinations of each pigment made by either of them. This is 
plain from the fact that scarcely any two pigment surfaces have 
exactly the same light-reflecting power. And the same is true of 
the black and white surfaces. It can be photometrically shown 
that some surfaces which we call black reflect many times more 
light than others which we likewise call black. The terms black 
and white are in fact elastic in their significance, each including an 
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indefinite number of surfaces of varying degiees of light-reflecting 
power.* Since such is the case it becomes plain that the quan- 
titative relation between ground and colour in respect of light 
intensity must vary not only according to the blacks and whites 
used for grounds but also according to the several colours examined ; 
and not only will this variation depend upon the essential differ- 
ences between the pigment colours, such as green, red, etc., in light- 
reflecting power, but it will exist no less concomitantly with the 
difference in the pigment paper employed for each colour by two or 
more experimenters, or by any one of them at different times 
Accordingly, the observations of Von Wittich and Aubert may be 
expected to show greater discrepancies for some colours than for 
others, and for some tones of the same colour than for other tones. 
In this manner the threshold differences among the various colours 
would be exaggerated. Moreover the natural divergencies for the 
same colours which arise from varying individual sensibility among 
observers would be accentuated by the use of slightly different 
pigments, which would render them unduly and in indeterminable 
degrees greater or less than if exactly the same conditions of light- 
intensity-contrast obtained. It is therefore apparent that from this 
uncertain variable, arising from contrast of light intensities not 
being converted into a contrast by equal distribution to all colours, 
a means was afforded for the entrance of considerable discrepancies 
into the results. 

*Dt. Kirschniann has made interesting experiments which illustrate this 
statement very well. He records them in his article '^ Ein photometrisches 
Apparat zu psychophysischen Zwecken " published in vol. v. of Wundt's Philo 
sophische Studien. Uo compares photometrically various blacks with a 
standard white — 

L Paris Black : 

(1) in lamplight (petroleum) ^.9 of the intensity of white. 

(2) in gaslight ^. , of the intensity of white. 

(3) in diffose daylight iV*i of the intensity of white. 
II. China Ink : 

(1) lamplight ^.^ of white. 

(2) diffuse daylight ^., of white, 
ni. Graphite (Faber BB) : 

(1) lamplight !•« of white. 

(2) diffuse day>ight }.^ of white. 
IV. Graphite (PaberB): 

(1) lamplight i-, of white, 

(2) diffosQ daylight !.» of white. 

Thi4 goes to show the photometric variability in what are ordinarily 
accepted as good blacks — a range broadly speaking from ij^ to ^ of the white 
chosen for standard of comparison. 
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From another standpoint their method of investigation appears 
to be unsatisfactory and to give results of merely individual validity. 
It seems that both Aubert and Von Wittich employed ordinary pig- 
ment papers, without making any attempt at controlling or check- 
ing some other obvious errors thereby introduced. For such 
pigments when examined under the spectroscope are found to con- 
tain not only the particular kind of coloured light under the name 
of which each passes, but also in varying degrees many other spectral 
colours. The blue which we see in a blue pigment paper is for the 
most part merely a predominant element in a mixture of many 
similar colour elements. It is not necessary even that there should 
be any actual rays of the specific kind which gives its name to the 
pigment paper. Some violet pigments do not emit any violet rays 
whatsoever, but only blue and red. Frequently a pigment gets its 
colour not because of the predominant presence of rays of that 
colour but because of the weakening or absence of its comple- 
mentary in the assemblage of colour elements. This is chiefly the 
case with the best yellows, which derive their specific quality 
largely from the attenuation of the blue rays. It is plain that 
unless some means are employed to diminish these foreign colour 
elements so as to reach a comparatively pure colour, we are not sure 
that the results obtained by the use of these mixed colours are 
attributable to one rather than to several co-operating colour 
elements. In fact the conclusions of Von Wittich and Aubert are 
entirely inapplicable to pure colours and only held good of specific 
adulterated specimens, the colour pigments which they chose to 
operate upon. This fact, as Aubert has indicated, would account 
partly for some of the differences which occun-ed between his 
results and those of Von Wittich, for the pigments they used 
as representative of the various colours would differ in the degree 
of their colour saturation and in freedom from admixture of foreign 
elements. 

It is a conspicuous deficiency in Aubert's treatment of this 
problem that he picks up colours at haphazard and in a popular 
way, without any attempt to make his examination cover the com- 
plete field. We find him, as well as Von Wittich, including in his 
list such specimens of unscientific commercialism as brown or fawn 
and omitting fi-om it such important colours as violet (which Von 
Wittich. however, includes) and purple. Brown and fawn-colour 
so far as they are colours at all, are nothing but more or less liberal 
2 
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saturations of the standard colours. Some browns are merely reds of 
comparatively poor saturation and light intensity; others are yellows. 
An interesting experiment is recorded by Dr. Kirschmann* which 
brings out this fact. It consisted in endeavouring to detect brown 
surfaces by looking through tubes blackened on the inside and of 
aperture amounting to about one square inch. In each case browns 
were judged to be red or orange or yellow, and thus it was shown 
that they are not simple colour tones, such as red, but that they 
obtain their peculiar colour characteristic for our vision by such 
accessory influences as contrast. 

We have made some experiments under very much the same 
conditions as Aubert and Von Wittich, namely, without taking care 
to eliminate intensity contrast, and using ordinary pigments with 
daylight illumination. Our sole object was to institute a compari- 
son with Aubert's and Von Wittich's figures. The accompanying 
table contains the results of our observations when the colours were 
seen on a black ground. The angular values are calculated on the 
basis of the diameter (not the diagonal) of the square opening in 
the brass diaphragm, since apparently Aubert's and Von Wittich's 
calculations were made upon the the same basis. In our other 
work, for greater convenience in the adjustment of our apparatus, 
we have adopted the diagonal basis. 



Colours. 



Seen first 

as 

light. 



Seen first 

coloured 

(chromatic 

threshold). 



Seen cor- 
rectly 
coloured. 



Purple 

Red 

Orange 

Yellow 

Yellow-green , 

Green 

Blue-green . . . 

Blue 

Violet 

Grey 



62.98 

65.56. 

48.64 

14 

42.84 

40.9 

48.4 

63.04 

68.12 

17 



30.3 

56 66 

48.64 

39.62 

39.44 

10.48 

9.88 
16.7 

3.68 
19.72 



68.66 
66.66 
66.78 
39.62 
58.86 
2.66 
33.14 
30.48 
41.76 



It will be noted, as was to be expected, that our results differ 
considerably from those of either Von Wittich or Aubert. It would 
indeed have been strange if they had coincided in all points because 

* ^'Colour Saturation and its Quantitative Relations," American Journal of 
Psychology, Vol. vii., p. 391 (1896). 



17 

no precautions were used to rule out the many modifying accessory 
influences which we have spoken of above, except perhaps that 
care was taken to secure a very close approximation to an absolute 
black ground and thus to eliminate in part one variable in the 
undetermined disturbance introduced by intensity contrast. The 
observation tube was continued to the brass diaphragm by means 
of a pasteboard annex, which fitted tightly, without any crevices to 
«dmit light either at the point of junction with the observation 
tube or where it joined the plane on which the diaphragm was 
fastened. The necessary openings to allow of free movement of the 
sliding plate of the diaphragm were completely obscured by pendent 
velvets attached to the annex tube. The annex was Ihied with 
black velvet and the surface of the brass diaphragm was painted 
black. By these means was secured a very good specimen of black 
upon the ground within which the colours were seen. 

In the main our results show a lower achromatic threshold than 
Von Wittich's, and even than Aubert's with a few exceptions. But 
on the other hand the chromatic and the characteristic colour 
thresholds in our observations are somewhat higher. 

This regularity of disagreement in colour thresholds may have 
been due to one or both of two causes. In the first place Aubert 
and Von Wittich varied the visual angles by employing the method 
of departure and gradual approach, and this of course implied that 
the observer knew beforehand what colours to expect at the extreme 
distance. They record no precautions used to obviate this influence, 
and the presumption is that they took none. But surely such a 
mental preparation would have a tendency to bring the character- 
istic colour thresholds below what they should be if the observer 
had no means of forming an opinion beforehand of what to expect. 
It would even have the same influence on the chromatic thresholds, 
at least when, after a few experiments, the observer would have 
become familiar with the transitional colours through which each 
colour passes from the achromatic to the characteristic threshold. 
Secondly, Aubert employed fewer colours than we did. He used 
about five or six difl^erent tones, among which the observer had to 
choose, whereas in our experiments under daylight illumination ten 
dififerent colours were examined. The difficulty in deciding accur- 
ately the characteristic threshold would increase with the increase 
in the number of eligible judgments and would effectually raise our 
characteristic threshold 
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On inspection of Von Wittich's figures it is seen that our results, 
on the chromatic threshold correspond fairly well with his re&ults 
on black ground at continuous view. The discrepancies which occur 
might easily be accounted for by any of the several influences 
already cited, or by their combined operation. Von Wittich does 
not clearly distinguish the chromatic irom the characteristic colour 
threshold, so that we cannot compare our results on the latter with 
his. 

The generally lower achromatic thresholds in our experiments 
than in either Von Wittich's or Aubert's may be explained largely by 
the greater accuracy with which we were able to measure the 
threshold sizes. Apparently Aubert and Von VVittich employed a 
method of measurement which provided for the recognition of a 
difference not less than one-fifth of a centimetre. This is seen 
especially in the results of Von Wittich, where the threshold angles 
calculated upon the basis of the registered distances make regular 
advances per saltum from 1' V to 1' 14", 1' 28", 2' 17", etc., in a 
way which would seem to indicate that the transitions in sizes had 
not been observed more minutely than as I have suggested. Our 
own apparatus was designed and constructed so that the transitions 
could be made in the most gradual way and the slightest changes 
registered with accuracy to the two-thousandth part of an inch, or 
even to the four- thousandth part, by estimating halves and quarters 
of the degrees on the disc This was quite easy to do from the fact 
that each degree was about one-eighth of an inch in size. 

Von Kries, in a chapter headed " Change of colour in small 
objects,"* touches upon one aspect of the problem of the space- 
threshold of colours. He is not dealing at length nor experimentally 
with it at all, but he gives a concise statement of some of the results, 
which dlher men such as Von Wittich have reached in his historical 
account of this and allied problems. He lays particular stress upon 
the reciprocity which obtains between intensity and spatial size in 
the threshold perceptibility of colours. In other words, a coloured 
surface to be just seen as coloured must be larger spatially in pro- 
portion as the intensity decreases, and conversely the most minute 
size of coloured surface may be seen as coloured if the light is suf- 
ficiently intense. This mutuality of support between intensity and 
extension in regard to the first perceptibility of colour, besides being 
applicable to continuous surfaces, includes, he also observes, the case 

* Gesichts Empfindung, p. 87. 
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of discrete points, as in the phenomenon which Fick described.* 
Not only will increased intensity secure the perceptibility of the 
•colour of a smaller coloured surface but it will also increase that of 
a smaller number of discrete colour points, which according to Fick*s 
observation co-operate with one another to produce a colour impres- 
sion although they may severally be indistinguishable as coloured. 

Von Kries has also noted that by decrease of the visual angles 
coloured surfaces pass through transitions of tone until finally at 
very small visual angles they lose all colour quality. He has traced 
the transitions for some colours. Red, he has noted, becomes colour- 
less, but under circumstances that make it very difficult to observe, 
the limits of visibility usually coinciding with the loss of its colour 
quality. This is quite in conformity w^ith our own experimental 
results. Orange, he says, appears red before becoming colourless. 
With us this took place generally in regard to orange on a black 
ground, although there were cases where particular observers saw 
orange as coloured just as long as it was visible at all. Yellow 
simply passes into white. Green no. 1 becomes white without the 
intermediate stage of yellow. Green no. 2 at the smallest visual 
angle appears greener (with some blue) and got s into white by way 
of yellow-green. Blue becomes colourless without change in tone. 
Violet becomes reddish at a small angle. These changes of course 
are for direct vision ; for indirect vision the transitions are in some 
ijases quite different. 

Charpentierf • has done some work which, though not bearing 
directly upon this problem, is suggestive. He has in the article 
referred to examined into the relationship of light intensity of 
coloured surface to the size of surface necessary for the perception 
of the surface as coloured. He sought to free his colours from the 
adulteration of ordinary pigments and to render them as nearly as 
possible spectrally pure. For example, he obtained his blue by the 
interposition of cobalt-coloured glass and glass coloured with oxide 
of copper. The first lets pass only the blue and the red rays, inter- 
cepting the green, while the second lets pass only the blue and the 
green, intercepting the red rays ; the combined effect was to produce 
a blue resultant of tolerable purity. He had difficulty in producing 
a spectrally pure yellow (a difficulty which we also encountered in 

♦ Pfliiger's Archiv, Bd. vii, p. 152. 

t *'Sur la quantity de lumi^re n^cessaire pour percevoir la couleur d* objeU 
<le diff^rentes surfaces." Comptes Rendus, 1881, Ire Semestre, p. 92. 
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our work), and finally adopted as standard yellow a combination of 
all the rays which gave a predominant yellow element. This 
endeavour of Charpentier's to obtain pure colours was an advance 
in the treatment of this and kindred problems beyond the unscruti- 
nizing haphazard adoption of pigments which had characterized 
some of the early work. The principle on which he worked is 
largely the same as we adopted, although a greater variety of absorb- 
ing media was employed in our experiments. 

III. 

METHOD AND APPARATUS. 

The survey of the historical rise and development of the pro- 
blem of the space threshold of colours is now completed. I will pro- 
ceed to explain our own method of treating the subject experiment- 
ally. The apparatus which we used is somewhat complicated. It 
was designed by Dr. Kirschmann, to whom also especial thanks are 
due for supervision and suggestions throughout the course of the 
investigation. 

In the first place it was thought desirable to conduct the 
experiments in a dark chamber with complete exclusion of daylight 
and to employ only artificial and therefore controllable illumination. 
Since our aim was to discover the efiect of colour contrast upon the 
spatial threshold it became necessary to exclude, as far as possible, 
all such disturbing influences as would undoubtedly arise from the 
contrast of light intensities under conditions of ordinary daylight 
Thus in using daylight we should have no means of controlling the 
absolute light intensity which illuminates the pigments employed, 
but by employing artificial light we should be able to equalize the 
apparent light intensity reflected from the coloured surfaces and so 
to rule out fairly completely the influence of intensity contrast. It 
is true indeed that in daylight the absolute light intensity shed at 
any time would be the same for both of the contrasting colours. 
But it does not follow that the apparent intensity, i.e. the light 
intensity given off from the pigment surfaces, would be equal. 
Nothing is more patent than the fact that almost any two pigments 
subjected to the same illumination, e.g. dayli^rht, do not possess the 
same light-reflecting power, but that one will appear brighter than 
the other. We can make them of the same brightness by changing 
the illumination of the one while the other remains constant, and 
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this can be done either by the interposition of some obscuring medium 
OX by moving the source of light. The former method is not satis- 
factory because it usually introduces further complications in the 
nature of a change of colour, and hence impairs the value of the 
results. The other method of control, varying the distance of the 
source of illumination for one of the surfaces, is impracticable if we 
use daylight. Two sources of illumination are therefore necessary 
and one or both of these must be moveable to enable us to rule out all 
intensity contrast that is irrelevant to the problem and a disturbing 
influence. These conditions, we thought, could be best fulfilled by 
carrying on the whole investigation in a room from which daylight 
was wholly excluded, and where our sources of illumination were 
incandescent electric lamps of measurable illuminating power and 
arranged in a certain manner to be presently described. (See Fig. 1.) 
The central part of the apparatus upon which the two sets of 
contrasting colours were set up consisted of a blackened table with 
two parallel vertical planes, also black, standing upon it at either 
end and about two feet apart. On the further plane was fastened 
a revolving disc, covered in sectors by the different pigment papers 
which were used as the foundation for producing, with various com- 
binations, the several approximately pure spectral colours that we 
wished to examine. The nearer plane had an opening cut in it which 
was covered by a brass diaphragm (Fig. 2) with an adjustable square 
opening. The coloured light from the pigment papers on the further 
plane was admitted through the opening in varying quantities 
according to its size. The diaphragm consisted of two brass plates 
laid together, each having a square opening of two and a half inches 
diagonal, cut so that the diagonals were horizontal and vertical. 
The front plate was made to slide in metal grooves attached to the 
second plate, which was itself permanently fixed to the standing 
plane. A stationary screw, attached to the permanent plate and 
passing through a cylindrical nut on the sliding plate, furnished the 
means of moving the latter and of thereby controlling the size of 
the aperture from the zero point, where the two square openings 
just ceased to overlap, through the length of one diagonal, until they 
became completely coterminous at the maximum opening. The 
screw was manipulated by a crank handle and was so constructed 
that every complete turn moved the sliding plate just one-twentieth 
of an inch, or in other words increased the length of the diagonal 
of the square opening by one- twentieth of an inch. Each rcvolu- 
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tion of the screw, or one-twentieth of an inch increase in the 
diagonal, was indicated upon a graduated scale by a brass finger 
attached to the sliding plate. Furthermore, to the handle end of the 
screw was fastened a brass disc of about two inches in diameter, 
marked off at the circumference into fifty equal parts. As this disc 
revolved with the screw a peripheral movement through the length 
of one degree of iis circumference would indicate that the sliding 
plate had moved one-fiftieth of one-twentieth, or the one-thousandth 
part of an inch. Starting from the zero point of opening we could 
thus produce in the diaphragm a square aperture, of which the 
diagonal measured one-thousandth of an inch. At any stage, 
besides the integral number of revolutions of the screw, which 
might be found from the index finger and its graduated scale on the 
groove, we could read the extra fractional part (in fiftieths of a 
revolution) from another indicator fixed above the revolving brass 
disc at a point corresponding to the zero point of its scale, that is, 
at the point where a whole revolution of the disc, and hence of the 
screw also, was just completed. We had in thi« simple arrangement 
a means of varying by gradual transitions the size without the form 
of the opening through which the coloured light under examination 
came, from zero up to a square opening of two and a half inches 
diagonal. Moreover the gradual increase or decrease was measur- 
able with accuracy to the one-thousandth part of an inch, or to the 
two-thousandth or even the four-thousandth part, if we estimated 
halves and quarters of the degrees on the brass disc, which had con- 
siderable magnitude. In addition to this extreme accuracy of 
measurement it will be noticed that the apparatus afibrded a simple 
and speedy method of ascertaining the diagonal size of the opening, 
for a mere glance at the two scales was all that was necessary to 
read the re;>istration in terms of revolutions of the screw. 

On the diaphragm wei'e placed the ground or inducing colours 
on which we examined the colour threshold under contrast influence. 
In some experiments this diaphragm surface was transformed into 
a colourless ground, white, black or grey, by means which will be 
indicated further on. It may be mentioned that the two brass plates 
of the diaphragm were not laid exactly together, but that there was 
left a very thin interspace so as to permit of the insertion of pigment 
papers. The object of this was that the inner plate of the diaphragm 
might be given the same colour as the outer plate and thus a con- 
tinuous coloured surface be presented throughout the movement. 
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Here may be mentioned a nicety of construction which was of 
material importance to the reliability of the results. It became 
•apparent that in putting the coloured paper on the diaphragm we 
must avoid exposing any ragged or white edges of paper at the 
margin of the square openings, lest the clearly defined edges of the 
<5ut on thef outer plate should indicate too conspicuously the exact 
position of the aperture about to appear, and thus by leading to an 
Anticipation of its appearance vitiate the results. To preclude this 
chance of error the pigment paper was first pasted on the brass plates* 
and then by two continuous cuts with a sharp knife, downwards only 
and slightly towards the brass edge all round each opening, the portion 
covering the holes came away leaving no uneven edges to the paper 
and no trace of white. Through the observing tube in front it was 
now impossible to distinguish lines where the surface of the upper 
plate ceased and that of the under plate seen through the square 
hole of the former began, but the whole appeared to be one con- 
tinuous and uniform coloured surface. So complete was the dis- 
appearance of the lines, that very frequently, in fact generally, 
it was necessary to point out to the observer the neighbourhood on 
the coloured surface where the point of light would appear, lest he 
fall into the opposite error of not seeing the emergence of light 
when it was already visible, from his attention being directed to 
another portion of the field of vision. It happened, moreover, not 
seldom, that after being once seen the point of light would disappear 
again, in consequence of a slight deviation of the eye s fixation, and 
it would be only necessary to point out the neighbourhood again 
for the light to be seen. So much help to the observer was 
abnolutely required to prevent his attention from wandering to all 
parts of the field of vision. But this could not endanger the results 
in the same way as the careless exposure of lines intersectin^f at the 
exact point where the spot of light was to be expected. It involves 
all the difierence between giving the region in which the thing 
expected must be sought and locating the very point with mathe- 
matical exactness. 

We had now our two contrasting surfaces, the inducing surface 
on the diaphragm structure, the induced seen through the opening of 
the diaphragm and variable in colour by revolution of the colour 
disc on the further plane. It has been indicated above that each of 
these surfaces was illuminated artificially and from separate sources. 
I will now explain the means by which this was done in such a 
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manner as to rule out the disturbance of intensity contrast. The 
source of light in each case was an incandescent electric lamp of 
thirty-two candle power placed in a rectangular elongated box 
which was blackened inside and out, about five feet in length, with 
a square opening of eight inches to the side. The top was so con- 
structed as to leave a slit along the full length of each box wide 
enough to contain the neck of a lamp in a wooden sliding frame* 
In this way the lamp could be moved through the entire length of 
the box. The open end of each box was directed towards the 
pigment surface, either the inducing or the induced, so as to per- 
mit the light from the lamp to fall obliquely upon it. The opening 
on top through which the lamp slid was covered by a lid hinged to 
the large box, for the purpose of preventing unnecessary escape of 
light. Since either or both the lights could be moved we had a 
very easy means of ruling out differences of light intensity in the 
two contrasting surfaces. All that was necessary was to alter the 
positions of the lights gradually until with a tolerably open diaphragm 
the light intensity of the two surfaces appeared equal. The point 
of equality wa« approached from both sides, first from above the 
equal point, where one surface was decidedly brightest, and then 
again from below, where the same surface appeared evidently less 
bright, so as to arrive as nearly as possible at the exact mean. 

At this stage a difficulty presented itself, which it was of 
great importance to overcome, namely, how to get pure colours- 
to operate upon. I have already pointed out that the work 
of Aubert and Von Wittich was gravely defective upon this score, 
and that ordinary pigments are by no means spectrally pure 
colours, but are the product in all cases of a mixture of spectral 
colour tones, and may even, as I have indicated, contain no 
rays of the kind after which they are named. Moreover, 
our incandescent lamp light is always somewhat yellowish and 
in being used to illuminate the pigments must cause a decided 
adulteration of colour tones even if the pigment colours were 
otherwise spectrally pure. Hence it was incumbent upon us to 
procure colours for investigation as free as possible from admixture 
with other colour tones. In order to meet this difficulty we decided 
to illuminate our pigment surfaces only by light transmitted through 
coloured media such as coloured glasses and gelatine films. Such 
media have the convenient property of absorbing some of the rays 
falling upon them and of allowing others to pass through. Of 
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course different media will absorb and transmit differently and in 
varying degrees. Some will only weaken instead of totally absorb- 
ing the elements they interfere with and will consequently transmit 
the entire spectrum with weakened elements in some part * In 
such a case an effective remedy is to increase the number of the 
interposed media until the disturbing elements are completely 
eliminated or at least eliminated to such a degree that the residue 
transmitted makes no material difference in the result. Moreover 
when a film or glass has the power of absorbing ^ part of the blue 
rays, and it is placed before a coloured surface which reflects j part 
of the blue rays which fall upon it, the joint effect will be that only 
^ of — of the blue rays is reflected. If, for example, we have a blue 
pigment which reflects 10% of the red, 8% of the orange, 5% of 
the yellow, 10% of the yellow-green, 25% of the green, 98% of the 
blue and 40% of the violet rays, and we interpose before it a com- 
bination of blue gelatine and glass which transmits 6% of the red 
rays falling on it, 5% of the orange, 2% of the yellow, 6% of the 
yellow-green. 10% of the green, 100% of the blue and 20% of the 
violet, we get as a final colour result f % of the red rays, i% of the 
orange, iV% of the yellow, 5% of the yellow-green, 2^% of the green, 
98% of the blue and 8% of the violet, which indicates a very fair 
removal of the colour elements that obscured the spectral purity of 
the blue. In this way by various combinations of films and coloured 
glasses, using different combinations for the different colours desired, 
we were able closely to approximate to pure colour for the purposes 
of our experiments — a feature which was absent in the work of 
Aubert and Von Wittich. For each colour separately we found by 
actual trial the colour combinations, which under spectroscopic 
examination seemed to produce a colour most free from foreign 
elements. And although in no case did we get an absolutely pure 
colour, yet we succeeded so approximately that the colours which 
resulted may fairly be said to have been as good specimens of the 
various spectral colours as could be produced. At least it is safe to 
say that the errors which must have arisen from the use of pigment 
colours simply and without any correction were immensely reduced 
by this device and that our results are to that extent the more 
reliable. In the accompanying table (pp. 27 and 28) are shown 
the various combinations by which the colours employed for our 

^Kirschmaiin, Ueber die Hentellung monochromatisches Lichtes. 
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experiments were produced according to the method indicated and 
also the synopsis of their spectroscopic analysis. 

There remained a further consideration. The observer must be 
at some distance away from the coloured surfaces to be inspected, 
and that distance, as I have hinted in the beginning of the paper, 
must be constant ; otherwise errors will creep in from the fact that 
the visual size of a surface depends not merely upon its absolute 
magnitude but apon its distance from the centre of the pupil of the 
eye as welL How then could we secure immunity from the danger 
of a disturbance caused by the dim light of the room being inter- 
posed between the observer's eye and the illuminated pigment 
surfaces ? It is impossible to so darken a room that there will not 
remain some small reflected light capable of introducing a disturb- 
ance into the observations. It would be undesirable moreover to 
have the room absolutely dark, because in that case a fresh source 
of error would arise, from the fact that in total darkness the eye is 
incapable of holding its fixation for any length of time but moves 
unconsciously within a range of ninety degrees. This would be 
especially mischievous in experiments on the non-contrast light 
threshold of colours, where the front colour surface is not illuminated; 
since the observer might be looking completely in the wrong direc- 
tion and not discover the emergence of the small point of light until 
long after the threshold mark. To overcome this diflSculty we 
employed a long observing tube reaching from the observer to 
close proximity to the brass diaphragm. The tube was constructed 
of wood in the form of a trimcated square pyramid ; the larger end, 
with a diameter of about six inches, was in the vicinity of the brass 
diaphragm, while the observer's eye was at the smaller end, which 
was about two inches in diameter. It was blackened outside and 
the inner surface was lined throughout with black velvet, which, 
having a minimum power of regular light reflection, consequently 
reduced the disturbance of glimmer from the sides of the tube to 
the lowest possible point. Against the larger end of the tube was 
placed a black cardboard diaphragm, with a square aperture of about 
t »vo and a quarter inches to the ^ide, but cut diagonally or diamond- 
shaped like the opening in the brass diaphragm, the purpose of 
which was to delimit the size of the inducing colour. For obviously 
the latter could extend, at least so far as the observer was concerned, 
no further than to the boundaries of the opening in the observing 
tube. Over the cardboard diaphragm of the tube was arranged a 
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shutter, which could be used to shut off all the light from the 
illuminated pigments and thus to give the observer's eye a chance 
to rest between observations. In our experiments it was of course 
necessary to take the further precaution, after opening the shutter, 
of pausing briefly to allow the eye to accustom itself again to the 
bright light and colour. Not to use this precaution would be to 
introduce the disturbance of successive brightness contrast, just as 
to neglect to close the shutter frequently would admit the vitiating 
influence of retinal fatigue. 

The small end of the observation tube was kept stationary at 
the chosen distance from the brass diaphragm. But because of the 
fact that the opening in the brass diaphragm could be enlarged only 
on one side, it became necessary to make the larger end of the 
observing tube also moveable, in order to keep the brass diaphragm 
opening always in the centre of the field of vision as delimited by 
the diaphragm of the observation tube. It would not do, however, 
simply to make the end of the tube move at the same speed as the 
sliding diaphragm plate, for this would be too fast for the purpose, 
which was to keep the induced surface marked out by the brass 
diaphragm opening always in the centre of the field of the inducing 
or ground surface. For it is evident that the centre of the increas- 
ing square aperture in the chatiging diaphragm moves exactly half 
as fast as the moving plate which effects its increase. This we can 
see if we consider that at the zero point the centre coincides with 
the moving angular point of the plate, but that when the latter 
has moved any distance the centre is exactly half-way between the 
zero or starting-point of the moveable plate and its latest position. 
In order to secure a movement of the observation tube of exactly 
the desired speed we introduced into the apparatus a very simple 
leverage device which accomplished the result automatically. We 
employed an arm twice as long as the distance of the diaphragm 
plate from the observation tube ; one end was fastened to the slid- 
ing plate of the brass diaphragm, while the other was pivoted to the 
table upon which the observation tube stood. From the middle of 
this arm an attachment by pivot was made with the end of the 
observation tube. Then as the plate was moved by the operator 
the arm turned round the pivot on the table, drawing from its 
middle point the end of the observation tube. This contrivance 
completely served the purpose of securing an automatic steady 
shifting of the tube, so that the colour transmitted through the 
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opening in the brass diaphragm was kept precisely in the centre of 
the inducing ground as delimited by the diaphragm of the observa- 
tion tube. We were thus enabled to escape from the irregularities 
of our preliminary method, which was independent manipulation by 
the operator. The arrangement worked in all respects satisfactorily. 
So little did the extra weight of the tube obstruct the rotation of 
the screw which moved the diaphragm plate, that the difference in 
the ease of the movement was scarcely perceptible to the operator. 
There are a few other considerations which I must briefly dwell 
upon in order to give a full explanation of our experimental equip- 
ment. We ipade some experiments with a black ground, the results 
of which have been already given in this paper, by way of com- 
parison with those of Von Wittich and Aubert. Although superior 
to the work of these experimenters both in accuracy of measurement, 
as can be seen from ^he description of our apparatus, and by reason 
of the employment of a black ground that is practically constant, 
they were not free from errors due to the other causes which I have 
alluded to in discussing the results of Von Wittich and Aubert. All 
the disturbances arising from the unequal light intensities of the 
pigments, when illuminated by daylight whose intensity is uncon- 
trolled and uncontrollable, remained. In order to get a fair 
approximation to the threshold perceptibility of colours on a black 
ground it would be necessary not only to use a true black (discard- 
ing black paper which reflects considerable light) but also to elimin- 
ate any inequality among the different colours of brightness contrast 
with the black ground. Without this precaution we could not be 
sure how much more for one than for another colour our judgment 
was atl'ected by intensity contrast. But if we remove this inequality 
by making all the colours equally bright, then, although we cannot 
claim to have eliminated intensity contrast from our conclusions, 
we can safely claim that we have made it a constant quantity for 
all the colours. It will enter to exactly the same degree for each 
colour, since the ground is constant and the brightness of the colours 
the same. To secure the total removal of intensity contrast it would 
be necessary, not only for the relation of the brightness of the 
colours to the ground to be constant, but that that relation should 
be equality. The ground should have the same brightness as the 
several colours. This could be effected in the case of a colourless 
ground only by making it grey and with a system of controllable 
illumination such as will be described presently. First, however, I 
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will explain the method in which we conducted our experiments 
with an absolute black ground and sought to reduce the errors of 
uncorrected pigments and their uncontrolled brightness intensities 
to a minimum, while converting the unavoidable intensity contrast 
into a constant and evenly distributed influence for all the 
colours. 

In explaining our mechanism for regulating the contrast in the 
case of a black ground, as employed in its final form, I shall have 
occasion at the same time to refer to the method by which we 
sought and practically secured an immunity from brightness con- 
trast in our experiments with a coloured ground In fact the latter 
is the key to the former and the explanation of one will suSice for 
both. 

It has already been said that we discarded daylight illumina- 
tion for the reasons advanced. The colours which we employed for 
^experiments with a black ground were twelve in number. Their 
composition I have suflSciently described in the schedule of colours 
(p. 27) giving their spectroscopic analysis. They were the same 
colours at the same brightness intensities which we also employed 
in our experiments witli coloured grounds, and were exceptionally 
successful approximations to pure colours. I will now show how 
with these colours and under artificial illumination we secured, first 
the absence of intensity contrast for all the colours on coloured 
grounds, and secondly from this vantage ground a basis for the 
limitation of intensity contrast in the case of a black ground to a 
constant quantity for all the colours. 

The diaphragm surface being illuminated by the left-hand lamp 
at a certain position in its box, the diaphragm was opened to about 
half its extent, and the other lamp which illuminated the colour on 
the colour disc {e.g. blue) was adjusted to such a position that the 
observer at the tube judged the light intensity of the bine to be 
exactly the same as the light intensity of the diaphragm surface. 
This judgment was, of course, not given instantly nor at random,, 
but was reached gradually, both from below, where the blue seemed 
the darker, and from above where it seemed the brighter. The 
position of the shifted lamp when the two coloured surfaces were 
judged equal in brightness was marked. The similar positions of 
the lamp for green, red, yellow, etc., throughout the entire set of 
colours were also marked, and thenceforth always used in the com- 
position of the several colours respectively. Thas, by this simple 
3 
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means, the light intensities of the colours for examination were aJl 
equalized with fair exactness. In other words by this practicable 
method we eliminated for experiments with coloured grounds the 
influence of brightness contrast. 

It is obvious that the success of the above device is dependent 
upon the reliability of the observer's estimation of equality, but the 
chances of error were minimized by testing the judgments of one 
person by those of others. Peculiar difficulty, moreover, in judging 
equality of light intensities occurs where the surfaces examined are 
coloured. It then is necessary to abstract attention from the colour 
altogether, and give it solely to the brightness of the light, a very 
difficult achievement at first. However, it was proved that the 
difficulty is overcome by a little practice, and we found in fact that 
the independent estimates of practised observers were in very close 
correspondence. 

All that was necessary now to render constant the brightness 
contrast between the various colours and a black ground was simply 
to convert the coloured ground into absolute black without disturb- 
ing the intensities of the induced colours. This was expeditiously 
and thoroughly done by enclosing and shielding from reflected light 
by means of black velvet the interspace between the end of the 
observation tube and the brass diaphragm which was to be converted 
in black. This served practically the same purpose as the annex to 
the tube described in connection with our daylight experiments 
earlier in this paper. It was not found necessary to employ the 
annex because of the fact that the experiment room was now dark^ 
and it required very little further obscuring in addition to the 
removal of the lamplight to produce a complete black surface on the 
diaphragm. In this manner, with such an absolute blackness of 
surface and with colours all of uniform brightness intensity as well 
as severally purified from the adulteration of foreign colour tones, 
it became possible to remove from our observations the multitude 
of obscure immeasurable influences such as vitiated the results of 
previous investigations. 

In the formation of a grey ground we made a departure from 
the method of our other experiments. We of course retained the 
lamp illumination of the colours in order that they should be the 
same as those experimented with on the other groimds. But we 
encountered a difficulty in securing a good grey ground by the same 
method of lamp illumination as we used for the coloured grounds, 
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owing to the fact that the light from the incandescent lamp had a 
■decidedly yellowish tinge and shining upon the best grey pigments 
produced a yellowish grey ground. It was found next to impossible 
to obtain absorbing media which would remove this tinge of colour 
without introducing some other colour element in its place. The 
nearest approach that we could make to a grey by the use of 
Absorbing media was our grey no. 2, described in the table giving 
spectroscopic analysis of the colours, and this was somewhat bluish 
just as the grey no. 1 was somewhat yellowish. In order, therefore, 
to avoid this difficulty and obtain as pure a grey as possible, we 
decided to use for the grey ground a daylight illumination of a grey 
paper surface covering the diaphragm. To secure this without 
interfering with the lamp illumination of the colours on the further 
plane, we constructed a shaft, eight inches square and nine feet in 
length, interior measure, which we used to conduct the daylight 
from outside to the vertical surface of the brass diaphragm. It was 
made to bridge the distance from the only window of the room, 
about seven feet from the floor, to the stand, which was on a 
level with the lower part of the brass diaphragm, or about two feet 
and a half from the floor. One end was inserted into a square 
Aperture in the shutter which darkened the window, fitting as 
closely as possible without interfering with ease of insertion. In 
order to support the shaft and also to render it more easily manage- 
able from the floor there was a platform attachment to the aperture 
in the window^ -shutter, made in box form like the shaft itself, but 
without a top, and large enough to enclose the end of the shaft 
This support was obliquely placed upon the shutter and pointed 
•downwards as the shaft itself did towards the apparatus beneath. 
The light which would have found its way through the small 
unavoidable crevices in such a structure was effectually shut out by 
means of a black cloth screen over the place of junction. The shaft 
was blackened outside, and inside was painted white throughout. 
The light was reflected into the shaft by a large mirror outside the 
window, and the intensity of the light so thrown upon the grey 
paper was controlled by means of a second reflector, placed below 
the lower end of the shaft in such a way that the light coming 
diagonally and from above upon the grey surface could be deflected 
And thrown perpendicularly upon it. This arrangement was of use 
•on dark days to bring the brightness intensity of the grey up to the 
.same standard of brightneas as obtained uniformly among the 
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artificially lighted colours to be examined upon this ground. On 
brighter days the mirror could be changed so as to vary the obliquity 
in the incidence of the light, and thereby the daylight illumination 
of the grey could be controlled and approximated to the standard 
brightness of the colours. On very bright days it was found that 
the second mirror was not necessary at all, since the light as it came 
from the shaft was sufficient to produce the required intensity of 
the grey. 

By this expedient of controlled daylight illumination for the 
ground we were able to secure a fairly good grey, though it some- 
times had a bluish tinge. The method was only tentative, but 
it was found to serve the purpose better than any other discover- 
able at the time. One grave disadvantage under wliich it laboured 
was due to the fact that daylight illumination is somewhat 
unsteady, being subject to the overshadowing of passing clouds- 
We sought to eliminate this influence so far as possible by conduct- 
ing the experiments with the grey ground on cloudless days or 
when the sky was uniformly cloudy. If again the operator noticed 
a sudden change in the brightness of the grey he paused in the 
experiment, closing the shutter of the observation tube until the 
ground regained its previous intensity. 

In concluding the description of our apparatus it must be men- 
tioned that the observer was behind a large black cardboard screen 
through which the observation tube passed. The screen extended 
on either side of the tube for at least three feet as well as above 
and below it, so that the observer was completely precluded from 
receiving any hint as to the nature of the colour combination intro- 
duced from the sight of coloured light reflected from the walls. 
Tae only way of seeing the coloured light was through the 
observation tube itself, after the intervening shutter had been 
removed. 

It may be well before passing on to a discussion of our experi- 
mental results to give some explanation of the tables and charts. 
The former speak for themselves. They are simply the classitied 
record of our averaged results on the three discriminated space 
thresholds. In the first main section (I) are given the results for the 
achromatic threshold, in section II those for the chromatic 
threshold, and in section III those for the characteristic threshold. 
Under each section we have specified always in thousandths of an 
inch the diagonal measurements of the diaphragm opening. On 
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this basis we calculate the threshold size in the form of visual 
singles according to the following simple method : 




Fio, 3. 

In the accompanying figure (Fig. 3) let A represent the length 
of the diagonal of the diaphragm aperture at any point which ft)rms 
the threshold, the distance B being fixed for all sized apertures (172 
ijentim.) as the permanent distance of the observer from the 
diaphragm. The angle x which the diaphragm diagonal subtends 
At the observer's eye may be calculated by the following formula : 

A 

Timjx = T 

£ 

,', Lng tan i X = lo^ ^ — log B. 

The results of such calculations have been placed in the third 
sub-column under each main section where there are three sub- 
columns, or in the second where there are only two. In some cases 
we have also calculated the visual angles on the basis of the diameter 
measurement of the diaphragm aperture. These are given in the 
second sub-column of the three, and were obtained from the diagonal 
calculations by using the relation of the diameter of a square to the 
diagonal, which is 1:^2 . Hence, the visual angle subtended by 
the diameter being represented by y, while x stands for the diagonal 
visual angle, we have : 

tan i z 
Tan J y = — / —- 

V2 

.'. Log tan i y = log tan i x — log v 2 
= lo^ tan i jc — i log 2. 

IV. 

RESULTS AND THEIR INTERPHETATION. 

AchroTYiatic Thresholds. 
(1) Black Ground. — By reference to the accompanying tables, 
the general relationships which obtain among the achromatic 
thresholds on a black ground will bo manifest. Tables I, II and 
IV contain, under section I, the results of the achromatic thresholds 
for three observers respectively. Dr. Eirschmann, Mr. Preston and 
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Mr. McCallum. The tables representing the observations of Dr. 
Kirschmann and Mr. Preston were based upon the results obtained 
from several sets of observations, as many as six in the case of Mr. 
Preston and three in that of Dr. Kirschmann, whereas Mr. McCal- 
lum's table represents only one series of observations. It is obvious, 
therefore, that where there are any serious discrepancies between 
Mr. McCallum's observations and the joint testimony of the other 
two, the presumption is that their sensibility is more accurately 
represented than is that of Mr. McCallum. 

It will be noticed by reference to Tables I, II, III and IV that 
the colours which, when viewed on a black ground, have lowest 
achromatic spa^e thresholds are blue and blue-green. The maximum 
point is attained by the red, while the colours intermediate between 
red and blue show a somewhat gradual transition from the highest 
threshold point to the lowest. The most abrupt break is at the 
yellow-green, where a sudden deviation upward occurs, more marked 
in the case of Dr. Kirschmann than in that of Mr. Preston. There^ 
is not complete agreement between the observations of Dr. Kirsch- 
mann and Mr. Preston in regard to violet, which for Dr. Kirschmann 
(in our marking) has an achromatic threshold considerably higher- 
than purple, but lower than purple for Mr. Preston and also for 
Mr. McCallum. It will be noticed also that the achromatic 
threshold of grey no. 1 is lower than that of grey no. 2 for all 
observers. A peculiarity of red, as distinguished from the other 
colours when viewed on a black ground, is that it is always and by 
all observers seen from the very first as coloured. In other words, 
whereas the other colours can for the most part and with the- 
majority of observers be seen as colourless points of light or simply 
as something different from the ground, at sufficiently small visual 
angles, red is conspicuous as having, at lea.st on a black ground, 
no strictly achromatic threshold. We have, however, used the term 
achromatic threshold to embrace the visual angle at which a colour 
is first seen at all, and hence it may be applied to red as well as to- 
the other colours which are first seen as colourless light. It will 
be found that all the observations recorded agree in this peculiar 
behaviour of red on the black ground. Some of the other colours 
are occasionally seen also coloured from the first, but these instance* 
are probably due to accidental circumstances, since even the same 
observer will at other times see them colourless. In the case of 
orange, Mr. Preston sees it always coloured, but Dr. Kirschmann and 
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Mr. McCalluin both see it first as colourless light in the majority of 
their observations, though in some eases, like Mr. Preston, they see 
it coloured from the first. 

It is a noteworthy fact that the region of highest achromatic 
space thresholds is the red end of the spectrum, and the region of 
lowest thresholds is that which embraces the other end of the ordi- 
nary spectrum, from blue-green to violet, with purple as a mean 
between the two. This position of purple coincides very appropri- 
ately with its known spectral relationship to red and violet, as a 
transition between these two ends of the ordinary spectrum. This 
is shown in the " inverted spectrum,"* where purple, which does not 
appear at all in the ordinary spectrum, is seen as the middle colour, 
while red and violet are its immediate neighbours on either 
side. 

It might at first seem rather peculiar that the lowest achro- 
matic thresholds should be found in the blue, blue-green and violet 
region, as these colours are usually regarded by us as less bright 
than such colours as orange and red, which, according^ to our experi- 
ments, have a much higher achromatic mark. But we must not 
forget that the colours were reduced so far as possible to the same 
brightness, so that their comparative positions as regards threshold 
visibility do not rest upon a basis of brightness, but are due to some 
other cause inherent in the quality of the coloured light and in the 
nature of the sensibility to which it appeals. A graphic representa- 
tion of the relations of the achromatic threshold on black ground is 
given in Curve I of Figs. 4, 5 and 6, the latter representing the 
results of an average of observers. 

(2) Grey Ground. — If we consider the achromatic threshold 
results on a grey ground we notice in the first place that the 
thresholds are, as a whole, considerably higher than those obtained 
on a black groimd. This was to have been expected from the great 
brightness contrast which was in play in the experiments with a 
black ground. The sole object, indeed, of performing the experi- 
ments on the grey ground was to secure as far as possible an im- 
munity from this contrast in brightness between the colour and the 
ground. Hence, if our measures were at all efiective in achieving 
the end for which they were devised, we should look for an increase 
in the threshold sizes. 

^Colour Saturation and Its Quantitative Relations, by A. Eirschmann. 
(American Journal of Psychology, YoL viL, No. 3, page 389.) 
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Examining Tables V, VI and VII (Sec. I) we notice that 
the relationships of the achromatic thresholds among the colours are 
considerably altered from those which we found to obtain on the 
black ground. Instead of red being the region of highest achromatic 
space thresholds and blue that of the lowest, with the intermediate 
spectral colours forming a graduated series between, we find now a 
tendency to decrease among the red thresholds and to increase 
among the blue. In fact, so great is the change that red has the 
lowest threshold of all the colours on the grey ground, though not 
much lower than some colours of the blue-violet region. We notice, 
however, that in the region from orange-yellow to green, inclusive^ 
the sanl^ mutual relations of the parts hold good as on the black 
ground. 

The only serious alterations occur in the thresholds of the col- 
ours at the ends of the spectrum. What can be the explanation of 
this discrepancy between the results on a grey and those on a black 
ground? I have already pointed out that in both cases the colours 
were of equal intensity as light, so that their brightness in relation 
to the ground should in both cases be uniform for all the colours. It 
cannot, therefore, be attributed to any change in relative brightness. 
The only difference in the two sets of circumstances was that by 
substituting a grey for a black ground we removed the inequality 
of brightness intensities between ground and colour, while retaining 
the uniform intensity of the latter. But all that we should expect 
from such a change would be a general elevation of the achromatic 
thresholds, without disturbance of their mutual relations. We know 
that the change to the grey ground from the black would modify the 
brightness intensity of the colours relatively to a percipient, though 
not absolutely. For if the existence of contrast of brightness means 
anything it means that the surface observed by the percipient ap- 
pears to possess a greater intensity than it otherwise would have. 
Consequently to do away with light contrast would be equivalent to 
lowering the light intensity of the colours all round — so far at least 
as the achromatic space thresholds are concerned. But it does not 
appear that these considerations offer satisfactory explanation of 
the actual facts observed. It is conceivable that such a change 
might introduce some modifications into the system of achromatic 
threshold relations, since equal increases or decreases in the light 
intensities of colours are accompanied by unequal degrees of change 
in saturation, and the presumption is that the achromatic space 
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threshold of a colour is quite as much a function of the saturation 
as of either of the other variables of light phenomena, viz., bright- 
ness and colour tone. This supposition, however, even if admitted, 
does not account for the fact that when a grey instead of a black 
ground is employed the red region of the spectrum (including orange) 
is converted from the region of highest to that of lowest achromatic 
thresholds, while the thresholds of the blue- violet region are raised. 
Possibly the explanation of this phenomenon depends largely upon 
the fact that in spite of our care we were unable to exclude completely 
the colour element from our grey ground, while keeping it at an in- 
tensity equal to that of the colours under examination. The grey 
which we used was, as has been said, slightly bluish, more conspicu- 
ously after exposure to the yellow light of the incandescent lamps, 
and this bluish tinge in the ground may accoimt for the increase in 
the blue violet thresholds and the comparative lowering of those of 
red and orange. The assumption is here involved that the achro- 
matic space threshold of colours is dependent to some degree upon 
the contrast relations of colour qualities. Why blue should tend to 
influence red more than orange is a matter upon which light will be 
thrown by the exposition of the contrast relations of the actual 
characteristic and chromatic space thresholds. In the meantime it 
is sufficient to anticipate the results there reached, and say that we 
have found blue and red to influence each other s space thresholds 
more than blue and orange or red and green, the ordinary comple- 
mentaries. Accordingly, my suggestion is that since the achromatic 
space threshold may be considered as simply the zero point of per- 
ceptible saturation, the same modes of behaviour may obtain here 
as in the higher degrees of visible saturation. This is not ofifered as 
an a priori deduction from the relationships of colour contrast, but 
merely as a plausible theory in explanation of the phenomenon ob- 
served ; its validity will be strengthened if it is confirmed in the case 
of achromatic space thresholds on coloured grounds. 

Before leaving the observations with a grey ground I wish to 
mention a fact that is noted in our results. Red, which uniformly 
appeared coloured when first visible on a black ground, has usually 
on a grey ground a distinct achromatic threshold. The achromatic 
threshold is represented for some observers by the curve I in Figs. 
7 and 8. 

(3) Red Ground.— -On reference to Tables VIII, IX, and X 
(Sec. I), which embody the results of our observations of achromatic 
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thresholds on a red ground, it will be noticed that the highest thresh- 
olds are at the red end of the spectrum, being those of orange, orange- 
yellow, and purple, while the lowest are in the regions of green and^ 
more especially, blue. The threshold of purple was unusually high, 
for purple on a red ground is not always seen as a point of light 
but requires to become of considerable size before it can be distin- 
guished from the red of the ground. Some of our observers, however, 
did see the purple as a spot of colourless light, and consequently 
their curves show a lower achromatic threshold of purple than that 
of Dr. Kirschmann for either eye. The greys occupy a middle place 
on this ground, and grey no. 1 has a tendency to be somewhat 
higher than grey no. 2, a significant fact when we remember that 
grey no. 2 was slightly bluish in tone. 

It will be seen that the supposition by which we sought to 
explain the disturbance of achromatic space threshold relationships 
among the colours in changing from the black to the grey ground 
is, according to our anticipation, verified by the results with a red 
ground. We find that on a red ground the blue and the green have 
the lowest thresholds, the blue even lower than the green. 

(4) Blue Ground. — The results with a blue ground (Sec. I of 
Tables XVI, XVII, XVIII, XIX, and XX,) are similar to the fore- 
going. The regions of lowest achromatic space threshold are those of 
red and orange-yellow. The threshold of orange itself is uniformly 
somewhat higher than that of either red or orange-yellow. The 
regions of highest threshold are those of the colours nearest to blue 
on both sides of the spectrum, viz., green, blue-green, violet, purple, 
and yellow-green. The greys are closely related, as we might expect, 
grey no. 1 having a lower threshold than grey no. 2. The princi- 
pal fact to be noticed in these results is the lowness of the threshold 
of red which in two out of five of the tables is the lowest point 
and in the other three is but slightly above that of orange-yellow, 
the actual lowest for those observers. This would indicate the same 
tendency already observed in the case of the grey and the red 
grounds, which is that red and blue are in close correspondence in 
reference to the facility with which each can be seen achromatically 
on a ground of the other. It is also rather a peculiar circumstance 
that orange itself is not influenced to the same degree by blue as 
either red or yellow no. 1 (orange-yellow) in the direction of low 
achromatic space threshold. It is natural to suppose that if the 
achromatic perceptibility of colours is dependent upon the colour of 
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the ground it will be determined by the ordinary complementary 
colour relationships. But actual observation does not bear out this 
supposition, and thus shows us how precarious is all such a priori 
inference from the relations of one limited realm of colour pheno- 
mena to those of another yet to be explored. It also shows the 
necessity and utility of some such provisional hypothesis subject to 
the evidence of facta For unless we had anticipated by some vague 
expectations the way in which the colours would behave under new 
conditions we should never have appreciated the significance of their 
non- conformity to colour laws already known. 

(5) Green Ground. — On the green ground (Sec. I of Tables XI^ 
XII, XIII, XIV, and XV) the lowest achromatic space thresholds were 
in the region of the red, except in the case of Dr. Kirschmann, whose 
observations were not numerous enough to afford a basis for satis- 
factory comparison with the others. Taking the uniform testimony 
of the other observers we find that while red has the lowest 
threshold, the colours of highest achromatic space threshold are 
uniformly those on either side of green in the spectrum, viz., blue- 
green, yellow-green, blue and violet. Purple stands in about a 
medium position. The unanimity with regard to the relative posi- 
tions of blue and violet is not quite complete. Two observers 
(Dodds and Creighton) made the threshold for blue lower than that 
for violet, while all the others gave it as higher. The greys occupy 
for the most part a middle position, grey no. 1 being below grey 
No. 2, as was the case when seen on the blue ground. The 
same state of affairs is thus found to obtain among the achromatic 
thresholds on the green ground as was noticed on the other 
coloured grounds. The complementary colour has not the lowest 
achromatic threshold. 

Before concluding the discussion of the achromatic space 
thresholds I wish to call attention to a significant side light which 
our experiments in this sphere have thrown upon the ordinary com- 
ponent theories of colour. The Young-Helmholtz theory, for 
example, is that the three colours, red, green and blue (or violet), 
are the components both of white light and of all other colours. 
Each of these original colour sensations is supposed to have a physical 
basis in the nervous organism, either in the form of special kinds of 
nerve-fibres which when excited react so as to give rise to their 
respective colours, or by way of a special kind of visual substance. 
According to this theory we should expect that one of the composite 
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colours, such as yellow or purple, would at smallest visual angles 
have a tendency to disappear into one or other of its components, on 
account of the isolation of the nervous elements stimulated by 
so small an exposure of coloured surface. But the contrary is the 
case as we have seen. Instead of vanishing into some other simpler 
colour element the alleged composite becomes a colourless point of 
light, a phenomenon which this component theory fails to explain. 
Again, although it is favourable to such a theory that red does not 
lose its colour quality on black ground at very small visual angles 
without becomi_ig forthwith invisible, yet the fact that green and 
blue (or violet), the other so-called original comj onent colours, do 
lose their colour quality and become colourless li^ht under the 
same conditions is entirely inconsistent with it. For if these colour 
tones are the constituents of white light, we should never expect to 
find, as is the case, that they lose their colour at small angular 
sizes and appear as that white light which is supposed to be the 
product of all three. The same criticism may be urged against 
Maxwell's theory, which selects for the component colours vermilion, 
ultramarine and emerald-green. 

The achromatic space threshold of the colours on coloured 
grounds is represented in Figs. 9, 10, and 11 by the dotted curves. 

Chromatic Thresholds. 

(1) Black Ground. — In our chromatic space thresholds on a black 
ground as shown in Section II of the corresponding tables, it will be 
seen that the agreement among the different observers is not by any 
means complete, although with one exception (Mr. Preston) they are 
not seriously at variance Apart from Mr. Preston's testimony the 
results are substantially alike, from purple up to yellow-green 
inclusive. In the case of green there is considerable disagreement, 
but after passing green the results again agree fairly well up to blue. 
Mr. Preston's observations, however, contradict those of the others 
almost at every point from the red to the yellow-green, inclusive. 
AVith so little unanimity among the other observers as to the chro- 
matic space thresholds on black ground we can scarcely find sufficient 
data for a secure judgment. It is, therefore, difficult to speculate as 
to the cause of Mr. Preston's noticeable disagreement with his fellow- 
observers. But we may remark that the strongly emphasized dis- 
crepancy in the matter of orange is very probably due to an 
unusually keen sensibility for orange on the part of Mr. Preston 
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His six observations on the chromatic threshold of orange were 
exceptionally close to each other in threshold magnitude and were 
severally identical with what we named the '* achromatic threshold " 
for orange. In other words Mr. Preston not only saw orange at a 
very small visual angle but he saw it always coloured as well. 
Another peculiarity in Mr. Preston 8 chromatic space thresholds on 
black ground is that for him, so far as recorded, the colours which 
have the lowest chromatic space thresholds are the blue-green and 
violet, no observations having been made by him with blue on this 
ground. 

The other observers are quite unanimous in making red the 
region of lowest chromatic space thresholds, with a tendency to give 
a correspondingly high position to blue. They all seem to agree 
moreover, in first seeing yellow no. 2 as coloured at a high spatial 
threshold. Grey no 2 on this ground, including Mr. Preston s 
observations, uniformly shows a higher chromatic space threshold 
than grey no. 1, which is not inconsistent with the threshold posi- 
tion of blue itself since the giey no. 2 was bluish. 

One noticeable fact about these chromatic space thresholds on 
a black ground is that the colours between purple and yellow 
according to the arrangement of the spectrum are nearly always seen 
reddish first, while the colours between yellow-green and blue are 
nearly always seen first as blue. 

It should be pointed out that the curves representing the 
chromatic threshold in our representations are always formed by 
alternate strokes and dots and are numbered II. 

(2) Grey Ground. — Here we notice that the colour which 
has decidedly the lowest threshold is red in the case of two 
out of three obsetvers, while for the third it is yellow no. 2. 
The other comparatively low thresholds are those of orange 
and perhaps green. The higher markings are for purple, 
yellow no. 1, and perhaps blue-green, blue and violet. In the 
cases of blue and violet there is not complete unanimity among 
the observers, the chromatic space threshold of violet being low for 
Mr. Creighton as compared with that of blue, and for the writer 
(Mr. Lane) that of blue being low in comparison with the rest. Mr. 
Creighton's chromatic thresholds for blue are considerably higher 
throughout than those obtained by the other two observers. In the 
violet the reddish elements appeal to him most strongly and at 
smallest visual angles, as is shown by the f ax^t that the violet always 
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was seen coloured by him first as red This, however, is not con- 
clusive, for violet first appears to the other observers also not as 
bluish but generally as reddish (sometimes with an orange, some- 
times with a purple tinge). Nevertheless it is evidence of some 
individual peculiarities of sensibility. The results of Mr. Creighton's 
observations, which were averaged to obtain the final representation 
of the chromatic space thresholds of blue on grey ground for him, 
were too much in agreement among themselves to suppose that the 
comparative highness was due to some accidental conditions external 
to the percipient. I am aware that in our experiments on a grey 
ground our work was liable to be disturbed by sudden changes in 
the illumination of the ground which were due to passing clouds. 
Since, however, the results which were averaged were obtained on 
separate days, it is unlikely that uniform conditions of disturbance 
were accidentally present in all instances. There is no doubt, more- 
over, that the presence of a slightly bluish element in our grey 
ground would have the effect of raising the chromatic threshold of 
|; blue, except where, as in the case of the writer, it was counter- 

balanced by extra sensibility to blue. 

(3) Blue Ground. — In the results on a blue ground we 
notice the peculiar fact that the regions of lowest space 
threshold are red and yellow no. 1, the former being in all 
cases except one (mixed observers) lower than the latter. We 
notice further that orange has its chromatic space threshold 
considerably higher than red and for the most part higher than 
yellow no. 1. After yellow no. 1, following the arrangement 
in the spectrum, the colours form an ascending series up to blue- 
green where the thresholds reach their maximum. In the case of 
green, however, the gradual ascent is broken, green being in one case 
lower than yellow-green (Dr. Kirschmann's left eye) and in one 
case higher than blue-green (Mr. Robinson). The former devia- 
tion is probably due to the fact that only one set of observations 
was made by Dr. Kirschmann with his left eye, and that as aji 
ofiset to his observations with the right eye. The chances are that 
more observations would have corrected the want of conformity in 
this instance. The other deviation is not so easily explained. The 
observations that Mr. Robinson made for this colour were six in 
number and they all gave a high chromatic space threshold. It can 
scarcely therefore be accidental, and as the external conditions were 
the same for all the observers we must ascribe it to a peculiarity in. 
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Mr. Robinson's sensibility. We must not however conclude that he 
cannot see green at a lower visual angle than that indicated by 
this threshold, for he sees blue-green as green at a very much 
lower angle. Mr. Dodds also differs from the other observers at 
yellow no. 1 ; his threshold for that colour, though not absolutely 
higher, is yet relatively to orange higher than obtains, with them. 
His observations were quite consistent among themselves and there 
seems no other reason for the divergence of his results than an 
individual difference of sensibility. Violet has a higher threshold 
than purple as a rule, perhaps because of its close qualitative affinity 
to the blue of the ground. Grey no. 2 is also uniformly much 
higher than grey no. 1 on this ground, as was to have been expected 
from its bluish tinge. 

The most noteworthy feature, however, about these results on a 
blue ground is the fact of the lowest threshold being in the red 
instead of in the orange where we should naturally look for it- 
The action of colours by contrast in inducing their complementaries 
upon contiguous or neighbouring surfaces would lead us to expect 
that in these experiments the emerging surface would tend to appear 
in the colour complementary to that of the ground. In other words 
we should expect of a blue oround that it would tend to make every 
colour at first appear orange or tinged with orange. But as a matter 
of fact nearly all the colours on a blue ground are seen first as red, 
even the greens appearing as reddish or brownish (which is a 
weakly saturated red or orange). It might be said that the facts 
so far conform broadly to the expectation, because the red or reddish, 
which is the first chroDiatic appearance of the colours on blue 
gi'ound, at such small sizes is practically the same as a faint orange. 
But we should also expect that orange itself would have a lower 
chromatic space threshold than red or yellow because of the accent- 
uation of the orange element through contrast. Yet such is not 
the case. Here as in the achromatic sphere the blue ground seems 
rather to facilitate the chromatic perceptibility of colours which are 
not fully complementary to the contrasting ground. 

(4) Red Ground. — Turning to our results for chromatic space 
thresholds on a red ground we notice by reference to the tables that 
the region of the highest threshold is purple, while the lowest is in 
blue and the immediately adjacent spectral colours. According to the 
ordinary complementary relationship of red and blue-green the low- 
est chromatic space threshold should be that of blue-green. But 
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although it is low in comparison with purple yet it is unvaryingly- 
higher than blue. With this should be taken into account a fact 
similar to what was noticed on the blue ground, that the colours are 
first chromatically seen in nearly all cases as blue instead of the 
expected green. In Dr. Kirschmann's observations with either eye 
every colour except purple is seen coloured first as blue, purple being 
first seen as red. In the set of observations by various observers blue 
is not so uniformly the vesture of all the colours at their chromatic 
space threshold, but it prevails. The only colours which are not 
generally first seen as blue are orange, purple and yellow-green. 
Orange appears sometimes green, sometimes as a " dirty " yellow. 
Purple becomes visible as red, yellow-green is seen usually as a dark 
blue-green, sometimes as green, and three times out of ten even as 
bluish. It is noteworthy that blue-green and green are seen not as 
green mainly, when first seen coloured, but as blue. It thus appears 
that blue-green, the complementary of the red ground, instead of 
being induced as the first form in which other colours appear 
coloured on red groimd, is itself not first seen as its correct colour. 
There appears thus to obtain a certain reciprocity between blue and 
red with regard to the chromatic space threshold of colours on 
coloured grounds. If the ground is red it seems to facilitate the 
chromatic space threshold of blue and largely to dispose the other 
colours to appear first in the form of blue ; while if the ground is 
blue the favoured colour is red. The significance of this peculiar 
behaviour will appear later. For the present I record it as a 
remarkable fact which has come out in the course of our experiments. 
(5) Green Ground. — The results on this ground compared with 
those on the blue or the red ground show a general lowering of the 
chromatic space threshold of purple, but the lowest threshold again 
tends to be in red with yellow no. 1 not far off. Orange is somewhat 
higher than either red or yellow no. 1, while it is lower on the other 
hand than purple. Yellow no. 2 is only moderately high, slightly above 
orange. Yellow-green is of course very high, as might be expected 
from its great similarity to the green ground and the consequent 
difficulty of distinguishing between them for small sizes of the . 
former. Blue-green likewise tends to be high for the same reason. 
Blue remains high though always somewhat lower than blue-green. 
Violet is considerably lower than blue though not as low as purple, 
except that Mr. Shaw and Mr. Creighton both see it at slightly 
lower visual angles than purple. In Mr. Shaw's case the angles are 
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so nearly alike that one cannot say that the deviation from the 
rule obtaining among the others is not merely an accident of circum- 
stances and due to an unusual condition of his sensibility in some 
of his observationa Mr. Creighton's deviation also can perhaps 
scarcely be attributed to any other than accidental causes, for while 
some six observations by him of each of the two colours, violet and 
purple, give very similar readings for the former they do not mani- 
fest the same consistency in the case of purple, the figures being 
both higher and lower than any of his readings for violet. The 
greys stand on a green ground very much as they do on a blue 
ground, relatively to each other. Grey no. 2 is imiformly for all 
observers higher in chromatic threshold than grey no. 1. 

The peculiar feature which has been noted in regard to the 
results on other grounds is repeated here, that although a slight 
lowering of the chromatic space thresholds of colours complementary 
to the ground may be noticed, yet there is a greater lowering still 
in the threshold of some other colour — red in the case of blue and 
green grounds and blue in the case of red ground. 

I may mention that in our graphic representation for coloured 
grounds we have in the case of blue ground (Figs. 10 and 11) given 
only the curve representing chromatic and achromatic thresholds 
for one observer, in order that the figure may not be too complicated 
In the figure for green ground only the charaxjteristic threshold is 
represented, for the same reason. 

Characteristic Thresholds. 

(1) Black Ground. — Our characteristic space thresholds on a 
black ground show a very nice agreement between the various obser- 
vers. As may be seen by a glance at Section III of Tables I, II, III 
and IV, and Curve III in Figs. 4, 5 and 6, the lowest space thresh- 
olds are respectively those of red, yellow no. 2, and the region of blue 
and blue-green. On the other hand the spectral regions of highest 
characteristic space thresholds are orange and orange-yellow (yellow 
no. 1), yellow-green and violet, which last, however, is not for all 
observers among the highest. Purple and green have medium 
thresholds. The results are not exactly in agreement as to the 
relation of orange and yellow no. 1. Mr. Preston sees orange at a 
very low threshold, in consonance with his results for chromatic 
space thresholds on a black ground, from which it appeared that he 
was very sensitive to orange. Mr. McCallum's results and those of 
4 
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1 the mixed observers indicate that the orange threshold for them 

j was higher than the threshold of yellow no. 1. However, we can- 

I not permit either of these to decide the actual threshold relation- 

ship of orange and yellow no. 1 in the face of the other two results 
which reverse the order given by these. For Mr. McCallum's results 
are for only one set of observations, and although strongly cor- 
roborating the other results where agreeing with them, yet where 
disagreeing with them it cannot be taken as evidence in rebuttal, 
because subsequent observations might easily have transformed the 
disagreements into uniformity. A single set of observations could 
scarcely be free from liability to accidental deviations. There is 
also a large margin of variability, possible and habitual, in the. judg- 
ments of every observer on these matters, and it is obvious that to 
adopt any one of these varying judgments as representing the 
average of them all is to be in danger of greatly distorting the 
threshold representation. Hence we cannot put serious emphasis 
upon the contradiction by Mr. McCallum s results of those of Mr. 
Preston and Dr. Kirschmann, which are based on the average of 
! several sets of observations. The evidence of the mixed observer's 

results we cannot consider conclusive against what is shown by the 
others. I may here remark that these results are a combination 
of four single sets of observations by four different men, and it is 
j necessary to notice that there was not the same degree of agree- 

j ment between them that was to be found in the several observa- 

i tions of the same observer. Individual differences in sensibility, 

! accentuated by accidental deviations that are due to unaccustomed 

! conditions for observation and uncorrected by multiplied trials, 

would be very likely to lead to just such divergences as occur in 
the regions of orange and yellow no. 1. And yet we would main- 
tain the usefulness of such mixed observations. For although it is 
not advisable to base upon them a refusal to accept the averaged 
results of several sets of observations by a single observer, yet 
where they agree, especially where agreement is throughout the 
largest part of the results, they constitute excellent corroborative 
testimony. 

The results for grey on black ground show that for two of the 
observers grey no. 2 is seen, in the final form in which it can be 
seen at all within the limits of the visual angle of the full dia- 
phragm opening (2° 6' 55.66"), at a higher mark than grey no. 1. 
For the other observer they are seen at about an equal marking. 
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A glance at Curve III of Figs. 4, 5 and 6 will show the 
•coincidence of the different observers in the main. In all three 
•cases we have three marked prominences, a blunt one at the orange 
and orange-yellow, and a pointed one each in the yellow-green 
and violet. Between the prominences are depressions in esch case, 
a narrow and pointed one at the yellow (a coincidence of chromatic 
*nd characteristic colour threshold), and a wider one from green 
to blue. Agreement prevails also in the circumstance that the 
three curves meet each other at the red. 

(2) Grey Ground. — On a grey ground the same colours as on a 
black ground have the lowest thresholds, red, yellow no. 2, blue, 
and blue-green. There is some difference in regard to the highest 
markings; yellow no. 1 has alternative readings, one high and 
another quite low, and the green, which on black ground was a 
medium colour between high and low in regard to its threshold, has 
one of the highest thresholds on the grey groimd. The explanation of 
the discrepancy in respect to green and yellow-green is probably to be 
sought in the fact, that since relatively to the ground there has 
been a decrease in the intensity of the colours by the loss of bright- 
ness contrast, it has become correspondingly difficult to distinguish 
the green from the yellow-green, and this would result in raising 
the threshold of green, as is shown in Tables V, VI and VIL A 
graphic representation is given for two of the observers (Creighton 
-and Dodds) in Curve III of Figs. 7 and 8. 

The low alternative threshold of yellow-green may be ex- 
plained by the passage of a large cloud producing a sudden change 
in the brightness of the ground, for it will be remembered that we 
were compelled to have recourse to daylight for the illumination of 
the grey ground. This darkening of the ground of course effected 
a relative brightening of the coloured surface, emphasizing its 
colour quality, especially in the case of our standard yellow-green, 
which had to be of considerable intensity for the slight yellow ele- 
ment in it to be recognizable. 

Another influence besides the one just mentioned assisted in 
raising the thresholds of the greens. On this ground both green and 
blue-green generally appeared first as undecidedly bluish or greenish 
or both combined, and the bluish element clung so long to the green 
that an observer became disposed to call the colour alternately blue- 
^een and yellow-green. The latter presumably arose from the 
known indeterminateness of our yellow-green on this ground, com- 
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bined with the presence in the eye of a negfative after-image of the 
bluish element induced by continuously regarding the coloured sur- 
face. I remember quite distinctly in my own observations on green 
with this grey ground how very difficult it was to see the plain 
green freed from tho strong bluish tinge or its sudden yellowish 
substitute accelerated by a readjustment of the muscular apparatus 
of the eye. 

There is just such an equivocal relationship between the char- 
acteristic thresholds of orange and yellow no. 1 ; that is, the latter 
has alternative readings, one high and the other low. The difficulty 
with all three observers was to distinguish the orange from the 
yellow. In Mr. Creighton's case the higher marking is probably the 
more reliable, because his several judgments of the characteristic 
threshold of yellow no. 1 are prevalently high. Twice out of a 
total of five observations he does not see it as anything but orange 
at the full opening of the diaphragm. The lower marking seems to 
be due to an accidental darkening of the grey ground by a passing 
cloud, which, of course, effected a relative increase in the brightness 
of the yellow surface, and thus rendered it more easily distinguish- 
able from orange. For the other two observers, however, the lower 
markings seem to be the more accurate and representative. Their 
sensibility is probably somewhat keener than that of Mr. Creighton 
in the power of distinguishing these two colours from others. 

The conclusion, then, that we come to is that the colours having 
the highest characteristic spax^e threshold on a grey ground are those 
in the region of orange and yellow no. 1 (with special individual 
variations), yellow-screen and green (with special individual varia- 
tions), and violet The lowest points we have already enumerated. 
The aen^ement between the results on the grey and those on the 
black grounds is very generally sustained, but with a considerable 
enlarging of the thresholds all round on the grey ground as the 
curves nicely indicate. 

(3) Red Ground. — On red ground we find a strikingly unani- 
mous indication that the lowest threshold mark is at blue, and thai 
the colours on both sides of it in the spectrum have increasingly 
higher thresholds as they are further away from it. (See Tables VIII^ 
IX and X.) This is shown graphically in Fig. 9, Curves III, IV 
and V, where it is seen not only that the curves are of the same 
general conformation, but further that they almost come to a point 
at blue, which is in each case the lowest part of the curve The 
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highest marking is reached mainly in orange, yellow-green, violet 
-and purple, while in orange-yellow there is a disposition to decrease, 
though in no case does it reach the low threshold of blue. The blue- 
,green is for the most part also low. Of the greys, grey no. 2 has 
the higher characteristic threshold, although th^y are not really 
seen characteristically at all within the limits of full opening of the 
diaphragm, because the colour induction from the red ground is too 
•strong to disappear within so small a visual angle. (I have not 
represented the greys at all in the curves.) 

It will be noticed that very much the same results as obtained 
on the black and grey grounds in regard to the highest thresholds 
obtain on the red ground, yellow-green, orange and violet being still 
the colours with the highest thi-esholds. The threshold of purple 
has been raised, however, on this ground, doubtless from the great 
similarity between purple and red, which would render them not 
easily distinguishable. 

So far as the lowest threshold points are concerned it would 
seem that the red ground has not altered the condition of things 
obtaining on the colourless grounds, except by reducing still more 
the thresholds of colours in the blue-green and blue region. 

It must at once strike us as a peculiar fact that on a red ground 
Utie should be the colour of lowest characteristic space threshold. 
We should rather have expected that the blue-green would have 
taken that place from the fact that it is the so-called complementary 
of red. According to the rules of colour contrast a colour induces 
upon any contiguous or neighbouring surface its own complementary. 
Hence, we should expect, on account of the accentuation of the blue- 
green colour quality by contrast induction from the red ground, that 
the blue-green would display a marked superiority in the ease with 
which it makes itself distinguishable at small angular sizes. The 
influences at play we should expect to be doubly in favour of the 
early and small-sized threshold of blue-green. For not only is there 
a positive influence emphasizing the peculiar colour quality of blue- 
green itself, but there is equally a retarding influence upon every 
other colour in the form of a blue-green induction, which we must 
suppose to obscure to some degree their proper colour quality, and 
to render their definite discernment correspondingly difficult. How- 
ever, the facts as shown in our experimental results are arrayed 
-against our expectations in this case, and we find as in the case of 
the chromatic and achromatic space thresholds that the red ground 
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does not apparently facilitate its complemeDtary blue-green in 
characteristic colour perceptibility according to size, to such a 
degree as it does another colour which is not its complementary^ 
viz. blue. 

(4») Green Ground. — The results on a green ground were 
somewhat peculiar in several way& The lowest threshold mark- 
ing was that of red, as is shown in our Tables XI, XII, 
Xin, XIV and XV, and in the curves of Fig. 10. Purple is low 
and in one instance (Mr. Dodds' observations) its threshold 
magnitude is the same as that of red. Blue also is compara- 
tively low. In faxjt red, blue and purple, with the two greena 
(yellow-green and blue-green), which are high in threshold, are 
the only colours which really had any characteristic colour 
thresholds at all on the green ground. The curve representa- 
tion (Fig. 10) indicates not really the characteristic space thresholds 
for the other colours, but the angular magnitudes at which they 
were first seen in the final form of their appearance at full opening 
of the diaphragm aperture. For example, the thresholds for orange 
in these curves indicate the various points at which orange first 
appeared as red or purple or orange-red, as the case may have been 
for the several observers. Yellow no. 1 was seen as orange or 
orange-red, and yellow no. 2 as orange or orange-yellow. Even 
yellow-green appeared generally as a yellow-grey and violet either 
as simply purple or as purple with a slight tinge of violet. 
Grey no. 2 is uniformly higher than grey no. 1 on this ground in 
their final form, though strictly they have no characteristic space 
threshold on this ground. 

It will be noticed that although there has been a lowering in 
the characteristic space threshold of the complementary of green, 
yet there is another colour, red, whose characteristic space threshold 
is still lower. 

(5) Blue Ground.— By reference to Tables XVI, XVII,, 
XVIII, XIX, XX, and to Fig. 11, we see that on a blue ground 
the lowest characteristic space threshold is quite decisively that 
of red. Just as in the case of the red ground at the blue,, 
so here at the red, the curves almost come to a point, which 
is moreover by far the lowest point. The colours of next low- 
est characteristic space threshold are respectively purple and 
yellow-green. The highest points are reached by orange, blue-green, 
green and the two yellows. In fact orange and the yellows have- 
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scarcely characteristic space thresholds at all within the limits of 
the full diaphragm aperture, whose visual angle was T 6' 55.66''. 
Orange is never seen as orange except by one observer, and even with 
him it was more red than orange. It uniformly appears as red, or 
red with a very faint tinge of orange. Yellow no. 1 is usually seen 
as orange-red and yellow no. 2 as orange-yellow. Green is mostly 
though not always seen as yellow-green and blue-green as plain 
green. Violet is almost always either purple or red, with a tinge of 
violet in both cases, only one observer in a few observations making 
it out as a reddish violet. On this ground the greys were not seen 
of their proper tone at all. In their final form within the circum- 
scribed limits of largest diaphragm aperture grey no. 1 appeared 
as orange-yellow and grey no. 2 as " dirty " yellow. 

We might be disposed to explain these modifications in our 
standard colour tones on the blue ground (and on the green ground 
also as before noted) by saying that the blue ground induces upon 
the colours an orange-yellow element, which obscures the bluish 
element in the blue-green (both the saturation contrast of the blue 
ground and the blue element in the blue-green working in the same 
direction), makes the green appear yellowish, makes the yellow 
appear orange, etc. This explanation may hold for the other colours 
but to orange itself it does not at first sight apply. For we should 
not expect that the mere accentuation of the orange quality in 
orange would convert it into another colour, red, instead of efifecting 
an increase in its saturation as orange. However the former is 
what actually occurs, at least within the limits of -the full aperture 
of the diaphragm. It is futile to seek to explain away this conver- 
sion of orange into red at small sizes by supposing that it is due to 
some minor irregularities in the fovea centralis. If such were 
the case we should expect that so soon as the diaphragm opening 
was enlarged orange would reappear in place of red. But it does 
not ; the orange remains red and not orange up to the fullest open- 
ing of the diaphragm (2** 6' 55.66"). It appears therefore that this 
notable phenomenon is not a trifling irregularity of a very limited 
retinal area but is more probably a property of colour phenomena 
which must be recognized and reckoned with in any adequate theory 
of colours. Any explanation like the above, for such a theory as 
Bering's, which must assume the ordinary complementary relations 
of the colours to hold at all hazards, would seem to emphasize a 
factor to which component theories of all kinds have paid but little 
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attention, namely, saturation as an independent variable of light 
phenomena of equal importance with light intensity and colour tone. 
It would seem indeed as though there must be here admitted a 
dependency of colour tone on saturation, somewhat akin to the 
dependency of colour tone upon light intensity which is called the 
phenomenon of Purkinje*, or else a violation of the inviolable com- 
plementary relationships of the colours. In other words, blue must 
induce not orange but red, or else the increased saturation of the 
orange quality leads to a change of its colour tone. It has been 
found that a considerable change in the brightness intensity of a 
coloured surface, whether by way of increase or decrease, tends to 
alter the character of the colour tone ; it appears to be equally true 
that at small visual angles, at least, it is possible to produce a change 
in colour tone by varying only the saturation intensity while the 
light intensity remains constant. For those who maintain the com- 
ponent theories of colours this seems to be the only alternative to 
the admission that two colours may act as complementaries at large 
angular sizes of exposed surfaces which do not at small visual angles. 
This latter alternative would of course introduce anarchy and con- 
fusion into such a system of balanced complementary constituents 
as Hering's theory assumea 

But however we may get over the difficulty of explaining the 
above phenomena on the principles of a component theory, we are 
still confronted with another phenomenon, which has been cropping 
out in all our experimental results for the three thresholds. This 
is not the difficulty of a complementary ground producing a changed 
tone in one particular colour and an obscuration in others, but that 
some colour other than the complementary of the ground is seen 
earlier than the complementary, i.e., at smaller visual angles, at once 
achromatically, chromatically and characteristically. We notice 
the same phenomenon with the blue ground as was remarked in the 
case of the other coloured grounds, namely, that not the comple- 
mentary, orange, has the lowest characteristic space threshold, but 
red. If we consider the blue and red grounds together it will be 
seen that blue and red act much more as complementaries in this 
matter of space thresholds than do either blue and orange or red and 
blue-green, the colours which are ordinarily designated complemen- 
taries. The blue ground seems to facilitate the minute percepti- 

* Einchmann's '* Colour Saturation and its Quantitative Relations." 
(American Journal of Psych., vol. viii., p. 3M.) 
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bility of red (both as coloured and as properly coloured) rather than 
the other colour elements, and the red ground acts similarly upon 
the blue. We should naturally expect that on a blue ground orange 
would have the lowest characteristic threshold, but, so far from this 
being the case, it scarcely has any characteristic threshold at all 
within the limits of 2° 6' 55.66" ; and on the red ground not the 
blue-green but the blue is the lowest in characteristic space thresh- 
old. What may be the significance of this balanced mutuality of 
behaviour between blue and red, it is perhaps not in our power to 
demonstrate. But it would appear that there is a disturbance of 
the ordinary complementary relationships of the various members 
of the colour system when the colour surfaces exposed are reduced 
to small visual angles. 

Whatever the real explanation of the fact, it is interesting to 
note that there is on record a case of monocular colour-blindness in 
which blue and red were the only elements in the colour system, 
and that they acted towards each other like ordinary complemen- 
taries, just as in our space threshold experiments. The case was 
investigated by Dr. Kirschmann in the Leipzig Laboratory, and is 
recorded in his article " Beitrage zur Kenntnisse des Farbenblind- 
heit."* It is the case of Professor A. (numbered case five of the before- 
mentioned article), a man whose left eye was perfectly normal in 
its colour sensibility, but whose right eye was a dichromate colour- 
blind, having only blue and red as the foundation of its colour 
system. The irregularity in the right eye was congenital, and not 
produced by any accident or disease, as is evident from the fact 
that some other members of his family were organized very much 
in the same way. Experiments were carefully made with the spec- 
troscope for the two eyes independently, and it was found that 
while the left eye was quite normal in its appreciation of the 
various colours, the right eye was capable of distinguishing only 
red and blue ; all the other colours were seen as various saturations 
of one or other of these. Orange, for example, as in our space 
threshold experiments on a blue ground, was seen as red. Careful 
after-image tests were made with spectral colours, and not only was 
the colour system for the abnormal eye one-dimensional, based on blue 
and red, but the blue and red acted throughout as complementaries. 
Each spectral colour seen as red left a blue negative after-image, 
and vice versa, 

'^Philos. Studien, vol. viii, p. 199. 
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Such a condition of things was, of course, rather remarkable,, 
both because of the fact that the one eye was perfectly normal in its 
appreciation of colours and because the impaired sensibility of 
the colour-blind eye showed neither more nor less than normal 
appreciation for red and blue, while at the same time these two 
colours acted as complementaries. Such an unorthodox behaviour 
on the part of this colour-blind eye was quite in contravention of 
the component theories of colour, and among the adherents of the 
component theories there was a disposition to deny the accuracy of 
the experiments,* to minimize the importance of the facts disclosed, 
or even to ignore them altogether. For it is plain that if white- 
light is composed of three constituent colour elements, red, blue and 
green, as the Young-Helmholtz theory assumes, it is inexplicable 
how this colour-blind eye could see colourless light at all, having 
sensibility for only two of the three, red and blue. Again, if red is 
a sensation which arises from the destruction of a certain kind of 
visual substance, and blue a sensation arising from the con- 
struction of a totally different kind of visual substance, aa 
Hering's theory propounds, it is inexplicable how this par- 
ticular colour-blind eye could continue long to have sensi 
bility for more than blue alone. For the blue and red of thia 
abnormal eye are exactly the same as those colours in the normal 
eye, as was shown by careful test. Hence the destruction of the 
red substance could never be made up by the construction of the 
blue, since according to the theory they are totally different, with 
the inevitable result that the red substance must ultimately become 
exhausted, and, eo ipso, the appreciation of red be destroyed. There 
is no obvious way of adroitly escaping from the diflSculty by sup- 
posing this a special case where the red and blue are the dissimila- 
tive and assimilative aspects of the same visual substance, because 
this is to assume that red and blue for this eye are different from 
red and blue for the normal eye, which was experimentally shown 
not to be the case. 

My object in referring to Dr. Kirschmann's paper is to call 
attention to the remarkable coincidence between the colour sensi- 

'^Professor Ebinghaus shows this attitude toward the matter in his article on 
p. 215, Band v, of the Zeitschrift fur Psychdogie, The importance of the above 
case of colour-blindness can scarcely be set aside in the summary way that Pro- 
fessor Ebinghaus is disposed to use. The observations and experiments were not 
only carefully and accurately conducted, but Professor A. was an expert 
opticist, and thoroughly competent to judge the facts presented to him. 
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bility for blue and red in this colour-blind dichromate and our 
apace threshold results. I have frequently in this paper laid 
stress on the fact disclosed in our results that coloured grounds do 
not seem to lower the space threshold of their ordinary complement- 
aries so much as they do that of some other colours, as red and 
blue. We have noticed that on red ground almost all the colours 
appear first as blue, and on blue nearly all appear first as redr 
including even the complementaries themselves of the coloured 
grounds. We have also noticed that in regard to characteristic 
space thresholds there appears to be the same disturbance of the 
ordinary complementary relationships of the colour system as in 
the other thresholds, and that the evidence for it is even more em- 
phatically unanimous. In our experiments for determining space 
thresholds red and blue seem to act exactly as complementaries 
might be expected to act. 

It thus appears, so far as our experiments go, that for small 
angular sizes of coloured surfaces there is a disturbance of ordinary 
complementary relations, and that for red and blue grounds at 
small visual angles a condition of things obtains which is some- 
what similar to that present in the colour-blind eye of Professor A. 
The coincidence is not quite complete because there is not absolute 
failure to appreciate other colour qualities besides red and blue. I 
would enunciate our conclusions on this question in the following 
way : — On red and blue grounds, below the limits of the character- 
istic space thresholds of blue and red respectively, there is a lack of 
ability in the normal eye to make definite discriminations of the 
other spectral colour tones and a tendency to confuse them with 
either red or blue. Thus in a limited sphere embracing only small 
angular sizes are practically reproduced the conditions of colour 
sensibility exhibited by the colour-blind eye of Professor A., which 
form a colour system of one dimension founded on the two colours 
red and blue. 

Further, it is interesting to note that in this peculiar comple- 
mentary relation between blue and red we have come across what 
in our estimation is a formidable diflSculty to Bering's colour theory, 
by which all colour phenomena are explained by a threefold antag- 
onism of fundamental colour processes. Black, red and yellow are 
by him set over against white, green and blue respectively, the 
former three being the outcome of the destruction of three distinct 
kinds of visual substance, while the corresponding latter three are 
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the outcome of the construction or assimilation of the same kinds of 
nervous substance respectively. A complementary relation of 
colours is inherent in the nature of the optical organism and is the 
issue of the natural balanced activity of fatigue and repair, destruc- 
tion of tissue and consequent recuperation. The different sets of 
complementaries belong to the activity of the different kinds of 
visual substance. From this theory it would follow that the red 
process set up in the optical apparatus should originate the green 
process in a contiguous surface relieved from the stimulation of the 
red. Applied in particular to our course of experiments we should 
expect that the red ground, when watched for the emergence at its 
centre of a small surface differently qualified, would tend to induce 
upon the emerging surface a green colour. The theory apparently 
demands so much by its physical resolution of the phenomena of 
complementary relationships, rendering them rigid and inviolable. 
But the facts of the case as shown in our experiments are that the 
red does not induce green but blue. And it appears to us that this 
actual disturbance of the complementary relationships is a difficulty 
which Hering's theory is utterly unable to account for. 

It might be offered as a plausible explanation from Hering's 
point of view, and according to his terminology, that the matter is 
an aspect of irradiation or light induction or negative contrast, by 
which is meant that a coloured surface tends not merely to induce 
upon a contiguous surface its complementary colour but also to 
spread its own peculiar colour quality over it. But our rejection of 
such an explanation is unqualified. In the first place, if the red 
tends not only to induce green upon the surface revealed by the 
opening aperture of the diaphragm but also to irradiate a positive 
influence of red itself, we are no nearer an explanation than before, 
having on our hands a weakened saturation of induced green instead 
of the blue which we wished to explain. For it follows that if the 
negative induction assumed is slight and not quantitatively equal 
to the green induced, then as far as it goes it will neutralize the 
colour quality of some of the green induced, and produce colourless 
light. This, which is a strict deduction from the theory, would 
still leave a weak saturation of green and not blue, because of the 
admixture of the colourless light and the residue of green. Again, 
if the negative induction is equal in quantity to the green induction, 
we should have no colour induction at all but simply an induction 
of colourless light, which is as little like blue as ever. Finally, if 
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we admit the inadmissible, that some different colour result than 
green could be produced in such a case according to the strict letter 
of Bering's theory, then we must demand wliat reason can be shown 
why the negative induction should lead to a compromise result on 
the blue side of green instead of on the yellow. There is just as 
much reason a priori for one as for the other, and the fact that the 
blue is actually the one induced is indicative that there must be 
some reason beyond the scope of the explanations that the Bering 
theory can offer. There is a certain so-called parsimony in nature, 
but scientists must not outstrip nature in parsimony to such a 
degree as to make everything in nature fit to a few cramped or 
Procrustean explanations, which have the advantage of brevity and 
clearness but at the expense of exactness. 
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Representation of the Space-Thresholds fob Black Ground. 

Scale : 1 inch = 10 minutes. 
C ur ve I— 7 Achromatic Threshold , 
*' II— Chromatic Threshold, 
*' ni — Characteristic Colour Threshold. 
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Fio. 4 (Table I). 
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Fio. 6 ^Table II). 
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Fio. 6 (Table III). 
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Representation of the Sp*.^ t„ 

THE SpaCE-ThkeSHOLDS FOR Grey Ground. 

Scale: 1 inch =20 minutes. 

Curve I-Achromatic Thpeshold. 

^^ n-Chromatic Threshold. 

JH-Characteristic Colour Thrediold. 
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72 
Rkpreskntation of thb Space-Thresholds ros Bed Ground. 

I 

Scale : | of an inch =20 minutes. 
Carves I (dotted lines) = Achromatic Threshold. 

'* II (lines composed of alternate dashes and dots) = Chromatic Threshold 
Curve III— Characteristic C. Th. for Observer K/s left eye (Table VIII). 

•' IV— ** *' •' •• right eye (Table EX). 

•* V— '* ** for 10 observers averaged (Table X). 
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Fio. 9 (Tables VIII, IX and X). 
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Rbpresentation of the Spacb-Thkbsholds fob Green Ground. 

Scale : | of an iiich^20 minutes. 
Curve III— Characteristic Colour Threshold for Obs. Dodds (Table XV). 

«« rV— ** •* *• Kirschmann (Table XIII). 

V— '• " *' Shaw (Table XIV). 

VI— •* •* ** Lane (Table XII). 

«» VII— " " ** Creighton (Table XI). 
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Fig. 10 (Tables XI to XV). 
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REPRiSEirrATioN OF THE Space-Thrbsholds for Blue Ground. 

Scale : { of an inch=20 minutes. 
Curve I — Achromatic Threshold (average of 8 observers). 
** II— Chromatic " •* 

** II[— Characteristic C. Thr. for Obs. Dodds (Table XVII). 
«« IV— •• " " Kirschmann, left eye (Table XIX). 

'• V— *• " ** " right eye (Table XVIII). 

•< VI— " ** 8 observers, averaged (Table XX). 




R O oY Y yG G bC 

Fig. 11 (Tables XVI to XX). 
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SUMMARY. 

/. — BlcLck Orov/nd, 

1. The chromatic space-threshold has two decided maxima, in 
the yellow and in the blue regiona 

2. The characteristic colour threshold has three strongly marked 
maxima, at orange, yellow-green and violet; and three decided 
minima, in the yellow, blue-green and red-purple regions. 

3. For red the achromatic, chromatic and characteristic thresh- 
olds coincide; and for yellow the chromatic and characteristic 
thresholds coincide. 

//. — Orey Ghround. 

1. Similar results to those noted for black ground are obtained 
for the maxima and minima, except that the second minimal region 
includes yellow no. 1 (orange-yellow), and that the second maximal 
region includes green. We may also notice that the maxima are 
considerably raised while the minima retain in general their former 
position. 

///. — Colov/red Oraunda, 

A very peculiar change of the antagonistic colour relations 
seems to take place. In small areas it is not the complementary 
colour which finds its most favourable conditions for being recog- 
nized on coloured grounda On a red ground the minimum of the 
characteristic colour threshold is decidedly in the blue ; and on a 
blue ground the curve has an exceedingly marked minimum in the 
red. Thus for small surfaces on coloured grounds blue and red act 
as complementaries. 



A CASE OF ABNORMAL COLOUR-SENSE 

EXAMINED WITH SPECIAL REFERENCE TO 

THE SPACE-THRESHOLD OF COLOURS 

By 
J. W. BAIRD, B.A., AND R. J. RICHARDSON, B.A. 



A CASE OF ABNORMAL COLOUR SENSE, 
EXAMINED WITH SPECIAL REFER- 
ENCE TO THE SPACE THRESH- 
OLD OF COLOUR. 



BY J. W. BAIRD, B.A. AND R. J. RICHARDSON, B.A. 

Notwithstanding the extensive literature already before the 
world upon the subject of colour-blindness, we hope that an account 
of our examination of the case about to be described may be 
of interest. The classification of the human family into colour- 
blind and non-colour-blind is at best a matter of rough and 
somewhat arbitrary judgment. The colour sense is called 
normal when expressions and actions lead us to suppose that 
the relations of the colour sensations are the same as with 
the majority of people, while persons whose expressions and 
actions show us that these relations differ considerably from those 
of the majority are called colour-blind, or persons of abnormal 
colour-sense.* 

Colour-blind persons may, according to Dr. Kirschmann, be 
classified on the basis of the degree of their abnormality into 
(1) achromates — who are totally devoid of colour-sense and see 
objects only in various degi*ees of grey, (2) dichromates — who see 
only two antagonistic colour qualities, such as red and green or blue 
and yellow, and (3) abnormal polychromates — who distinguish more 
than two colours, though the relations of their colour-sensations 
differ from those of the normal. 

The results of the investigations of colour-blindness can only 
approximate to accuracy, owing chiefly to the difficulties which we 
always encounter when we attempt to ascertain and describe the 
psychic states of others. Colour-blind individuals use the ordinary 
colour vocabulary, which is quite inadequate to express their sensa- 
tions of colour. 

The experiments which furnished the data for this paper were 
conducted in the psychological laboratory of the University of 
Toronto at the request of Dr. Kirschmann, director of the labor- 
atory, to whom our thanks are due for co-operation and suggestioniL 

*ThiB is the definition of normal colour sense and colour-blindness which 
Dr. Elirschmann gives in his lectures on Psychological Optics. 

[87] 
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We are also indebted to Mr. W. B. Lane, M.A., now Fellow in 
Psychology in the University of Wisconsin, to Mr. F. S. Wrinch, 
M.A. and Mr. A. H. Abbott, B.A., Assistant in the psychological 
laboratory, for valuable assistance in our work. 

This case of colour-blindness was investigated in the following 
ways: 

I. Spectroscopic examination. 

II. Stilling's Pseudo-isochromatic tablea 

III. Colour equations. 

lY. Experiments on space-threshold of colours under contrast 
influence. 

I. A series of observations was made upon the solar spectrum 
by observer R. (whose colour-sense is abnormal), with a view to 
determining the nature of his deviation from the normal. The 
wave-lengths are calculated by graphical interpolation^ the num- 
bers for the principal lines being taken from the tables of Rowland. 
Mr. R. always claims that he sees three distinct colours, red, green 
and blue, in the spectrum. 

Using the left eye Mr. R. saw the light, 
920 fjifi to 670 /ui/i, dark brownish red 
670 fifx to 540 /ti/ti, uniform red 

(590 fifi, red of deepest saturation) 
640 /u^ to 493 fifx, green 
(513 fifx, best green) 
493 fifx to 384 /u^tx, blue 

(429 fifi, deepest blue). 
The mo^ximum of light intensity was seen at 590 fifx. At 762 /u/u. 
the line A was seen as distinctly as the other lines, whilst observers 
B and K could see it, but with difficulty. In the red end of the 
spectrum in addition to the lines A, B, and C, other lines were 
clearly distinguishable at points corresponding to the following 
wave-lengths : 603 fxfx, 626 luLfi, 644 /ufi, 728 fifx, and at two points 
beyond the A line in the vltra-red spectrum. The wave-lengths 
corresponding to the latter points are not computable from any 
data within our rea<;h, but we estimate them from our interpolation- 
curve to be the Z line and the X^ line (Abney), corresponding to 
which are the wave-lengths 822 /u/x and 880 fxfi respectively. 

For the right eye the colours and their positions were given as 
follows : — 

900 /ufi to 687 /ufi, dark brownish red 

(726 fifiy most characteristic brown-red 
687 iifi to 541 /i/i, red 

(590 fxfi, red of deepest saturation) 
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541 fAfx to 501 fifiy green 
(527 fifi, best green) 
501 /u/ti to 384 /u/ti, blue 

(427 fifj, blue of deepest saturation). 

The lines in the ultra-red spectrum (especially that at 822 /u/u) 
were seen as distinctly as with the left eye, whilst observers B and 
K could see absolutely nothing beyond 762 /i/i and 770 fifj. respect- 
ively. 

In addition to the examination of the solar spectrum with the 
spectroscope, observations were made upon an inverted spectrum* 
projected on a screen by means of an arrangement recently devised 
by Dr. Eirschmann for the purpose of comparing the ordinary and 
the inverted spectrum. One of these spectra had its colours arranged 
in the usual order — purple being absent. The other was thrown 
upon the screen parallel with and contiguous to the first, but with 
the order of the colours inverted; that is, the colours proceeded 
through yellow, orange, red, purple and violet to blue — green being 
absent. A photograph of the two spectra is given (p 101.) 

The only difference noted by observer R in these spectra was 
that in the inverted form the dark brownish red was missing. He 
could distinguish no difference in colour tone in tlie central section 
of the two spectra, that is, between the purple of the inverted and 
the green of the ordinary spectrum. The statements of observer R. 
were essentially the same when the two spectra were divided by 
means of interference bands. 

II. — A series of tests for colour-blindness by means of Stilling's 
Pseudo-Isochromatic Tables (third edition, 1889) yielded the follow- 
ing results : 

Plate I (orange-red figures on brown ground) was read slowly 
and with a great deal of uncertainty. The ground was called green^ 
the darker patches brown or purplish. The figures were called 
blood-red, their lighter patches yellowish. The figures were more 
easily distinguished through a red glass, but best of all through blue. 

Plate II (orange-red figures on brown ground) was more easily 
read than Plate I, but also with considerable uncertainty. The 
ground was called green, the darker patches murky red like the 
extreme red end of the spectrum. The figures were said to be com- 

♦ For description of the inverted spectrum see the article by Dr. Kirschmann 
on Colour Saturation in the American Journal of Psychology, Vol. vii., p. 387> 
«nd note at the end of these articles. 
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posed of patches of red and orange-red. Green glass was of no help 
in reading the figures, but violet glass was of great assistance. 

Plate III (orange figures on brown ground) was read with 
much hesitation. The figures were thought to be a poorly saturated 
red and the ground to be of patches of light and dark green. It 
was easily read with a blue glass. 

Plate IV (red figures on cofice-brown ground) was more easily 
read than plates I, II or III. The figures were seen as bright 
blood-red, the ground in two saturations of purple. It was less 
easily read through blue and green glasses, more easily through red 



In plate V (wine-red figures on dark chocolate ground) the 
figures could be seen. The colours of the plate seemed to be two 
saturations of purple, the darker patches like clotted blood, the 
lighter like " purple-green." Through a red glass the figures could 
be read, though with much hesitation. 

Plate VI (green figures on brown ground) was read very slowly, 
and only after a deliberate examination. It could not be read 
through blue glass ; yellow-green glass improved it, though it was 
not yet distinct. Through red glass it was quite distinct and easily 
read. The ground was said to be bright reddish purple, the figures 
purplish red. 

Plate VII (cherry-coloured figures on greyish ground) was 
fairly well read. The ground had lighter patches of poorly satur- 
ated purple or well saturated green, and darker patches of dark 
brown or dark purple. The figures were quite distinct through a 
red glass. Blue and green glasses were of no help. The purple 
glass was an improvement but not so much so as the red. 

Plate VIII (red figures on orange ground) was more easily read 
than any of the above. The figures were "purplish green," the ground 
composed of patches of blood-red and poorly saturated red. Red, 
green, blue and purple glasses were of no assistance. 

Plate IX (lilac figures on grey-green ground) was read very 
slowly, one figure at a time. The figures were blue-green, the ground 
jjreen and brown-green or purple. None of the glasses were of 
any assistance. 

Plate X (red figures on light brown ground) was the most 
distinct of all. The figures were a very well saturated red, the 
ground a poorly saturated green with a less saturated red than the 
figures. Red glass altogether prevented the possibility of reading it. 
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green and blue glaases made no difference in the ease with which it 
could be read. 

III. — Colour equations by means of rotating discs were also 
made, of which we give the following examples : 

I. 286° green+74° blue=130° white+230° black. 

II. 68° blue+292° red=42° white+380° black. 

In the first of these cases the whole disc was seen as grey, and 
in the second it was described as purple. 

IV. — ^For a description of the apparatus used in the contrast 
experiments the reader is referred to the paper by Mr. W. B. Lane. 
The apparatus was arranged in such a way that it was possible to 
measure with great accuracy the magnitude which is necessary for 
a coloured surface, in order to be seen (a) as light, (6) as colour, (c) 
in its proper colour. The experiments can be performed for a black 
or any uncoloured ground as well as under the influence of pure 
colour contrast, i,e, for coloured grounds under approximately com- 
plete exclusion of intensity contrast and saturation contrast. 

In the following tables which are compiled from records of 
experiments made by means of this apparatus, we shall compare the 
abnormal colour sense of observer R. with the normal, by a state- 
ment of the visual angles which represent their achromatic and 
chromatic thresholds. By achromatic threshold we understand 
the smallest visual angle at which the coloured surface concerned 
could be seen as some tiling different from the ground ; by chromatic 
threshold, the smallest visual angle at which the colour of the sur- 
face was identified. 

The inducing surface for Table I was grey, into the centre 
of which were introduced in turn the ten different colours which 
were at our disposal. The colours were almost pure spectral 
colours ; their spectroscopic analysis also will be found in the fore- 
going paper by Mr. Lane, who used for the purpose of his research 
the same apparatus. 
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TahU J.— Inducing Subfacb Gbet. 



Induced 
colour. 


Size of visual anfl[le at which 

the induced colour was seen as 

something different from 

the ground. 


Size of visual angle when the 
induced colour was identified. 




By normal 
colour sense. 


By abnormal 
colour sense. 


By normal 
colour sense. 


By abnormal 
colour sense. 


Red 

Orange 

Orange-yellow 

YeUow 

Yellow-green , 

Green 

Blue-green .. 

Blue 

Violet 

Purple 


2 56.6 

3 33.2 

4 3.7 
3 35.45 
3 39.3 
3 43.2 

3 33.2 

4 25.9 
4 12.8 
4 17.4 


3 45.4 

5 50.2 

6 14.7 

4 34.1 

5 14.7 

7 33.9 
7 27.7 
7 39.1 
7 4 

4 46.2 


6 36.7 
4 55.5 
9 43.7 
4 47.67 

15 16.8 

16 25.4 
8 9.85 
6 50.4 

23 36.4 
8 23.55 


♦Not identified. 
(» 

ct 

18' 59.1i" 

32' 43.32" 

Not identified. 

9 58" 
15' 9 6" 
V r 6.6" 



♦The full opening of the induced surface subtended a visual angle of 
2"* 6' 38.92", beyond wnich magnitude the experiment could not be extended, 
and below it the observer was unable to identify the induced colour in its own 
quality. These cases are indicated in our tables by ** not identified." 



Table 7/.— Inducing Colour Red. 



Induced 
colour. 


Size of visual angle at which the 

induced colour was seen as 

something different from 

the ground. 


Size of visual angle when the 
jnduced colour was identified. 




By normal 
colour sense. 


By abnormal 
colour sense. 


By normal 
colour sense. 


By abnormal 
coloiu: sense. 


Orange 

Orange-yellow 

YeUow 

Yellow-green . 

Green 

Blue-green . . . 

Blue 

Violet 

Purple 


3 16.05 

3 29.92 

4 27.3 
3 8.02 
2 58.6 
2 58.74 
2 56.36 

2 48.5 

3 67.48 


7 35.4 
7 5i.l 
7 4 
5 12.2 
5 473 

5 48 

6 1 

5 56.3 

6 16.2 


1 4 80.06 
1 14 35.02 
Not identified. 
1 21 34.6 
41 27.4 
46 7.11 
26 26.4 
51 16.56 
62 8.86 


Not identified. 

r 17' 40.8" 
54' 39.4" 

Not identified. 
11' 48 2" 
15' 9.26" 

Not identified. 
37' 38" 
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Table HI. — Inducing Colour Green. 

Average of five trials. • 





Size of visual angle at which the 






induced colour was seen as 


Sise of visual angle when the 




something different from 


induced colour was identified. 


Induced 


the ground. 




colour. 










By normal 


By abnormal 


By normal 


By abnormal 




colour sense. 


colour sense. 


colour sense. 


colour sense. 


Red 


3 24.1 


6 11.6 


4' 43.2" 


o » » 

1 ?6 18.3 


Orange 


4 37.1 


9 38.6 


Not identified. 


1 15 41.6 


YeUow 


6 5.6 


6 30 


15' 41.2" 


Not identified. 


Yellow-green . 


6 17.7 


8 7.5 


Not identified. 


15 1.8 


Blue-green . . . 


9 11.3 


6 23.8 


19' 15.98" 21 38.4 


Blue 


5 7.6 


8 4.3 


13' 33.4" 


15 6.8 


Violet 


6 36 


2 52.9 


la 48.8" 


35 26.8 


Purple 


6 30 


11 11 


19' 45" 


1 8 1.5 



Table IV, — Inducing Colour Blue. 
Average of three trials. 



Induced 
colour. 


Size of visual angle when in- 
duced colour was seen as 
something different from 
the ground. 


Size of visual angle when in- 
duced colour was identified. 




By normal 
colour sense. 


By abnormal 
colour sense. 


By normal 
colour sense. 


By abnormal 
colour sense. 


Red 

Orange 

Yellow 

YeUow-green . 

Green 

Blue-green . . . 

Violet 

Purple 


3 38.55 

4 19.66 

5 6.12 

6 13.13 
6 20 

9 30.36 
5 9.92 
5 6.12 


4 28 
4 58.5 
3 39.3 
9 5.2 

15 26.3 
7 33.8 
7 6.4 

10 58 


O / *f 

6 49.68 
11 39.82 
56 48.4 
40 39.82 
28 57.74 
1 18 23.96 
1 23 2.26 
20 11.54 


52 48.8 
Not identified. 
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SUIOCART. 

1. In the case of abnormal colour-sense, which we have 
examined, the colour spectrum is not only not shortened, but it is 
actually considerably lengthened at the red end. The violet end is 
seen as by the normal eye. 

2. Only three qualities were distinguished in the spectrum — 
red, green, and blue, — and it remains uncertain whether green was 
identical with grey or not. 

8. The differences in the blue part of the spectrum were claimed 
to be but differences of saturation. 

4. The only difference detected between the ordinary and the 
inverted spectrum was that the deepest red was missing from the 
inverted spectrum; otherwise the two were identical — i.e., the 
ordinary spectrum contained the same colours as the inverted and 
in the same order, except red. Nothing was missing from the 
ordinary spectrum which was found in the inverted spectrum. A 
point in the inverted spectrum — purple — was judged to be exactly 
like the green of the ordinary spectrum which stood below it. 

5. As to the experiments on the spax^e threshold : 

a. In the case of the grey background [non-contrast] the 
variations of the achromatic threshold for the normal and abnormal 
were fairly parallel for purple, red, orange, and yellow ; but the 
threshold for the colour-blind observer was coniUderably higher 
throughout. 

6. A similar correspondence was noticeable in the chromatic 
threshold on red ground. 

(In both of the above the achromatic threshold was invariably 
higher to the abnormal than to the normal colour sense.) 

c. When green was the inducing colour the achromatic thresh- 
old for the abnormal colour-sense was considerably lower than that 
for the normal in the cases of blue-green, and violet, though 
higher for all other colours. 

d. In the blue contrast the normal threshold graduaUy 
increased from red to blue-green and decreased from violet to red 
while the abnormal had its maximum points in green and purple, 
and its minimum in yellow. 

e. With regard to the chromatic [characteristic colour] thresh- 
old, the fact that only the yellow and blue, and sometimes the 
neighbouring tones were identified seems to prove clearly the 
dichromatic character of this case of colour-blindness. 
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6. The influence of border contrast was distinctly noticeable 
in the abnormal colour-sense, usually appearing when the visual 
angle reached a magnitude of about 1** 4", and persisting to the full 
opening. 

7. The effect of contrast was usually much greater in the 
abnormal sense than in the normal for those colours which were at 
the disposal of the colour-blind observer. 



The accompanying diagram gives a graphical representation of 
the achromatic threshold for the normal and the colour-blind eye. 
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Fig. 3. Fio. 4. 

AOHROMATIG ThBESHOLD FOB NoRMAL CoLOUB-SeNSE AND COLOUB-BUND. 



Fio. 1. Grey Ground (Table I). 
** 3. Green *' (Table HI). 



Fio. 2. Red Ground (Table II). 
»' 4. Blue " (Table IV). 



Curve ■ 



= Normal Colour-Sense. 
.. z= Colour-Blind. 
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ADDITIONAL REMARKS ON COLOUR BLINDNESS. 

BY A. KIRSCHMANN. 

The case of colour-blindness above reported deserves attention 
in several respecta Its most particular feature is the fact that in 
this case of abnormal colour-sense we have to deal vdth an enlarged 
spectrum. A considerable part of the ultra-red spectrum, which is 
invisible for the normal eye, is seen and lines in it are distinguished. 
I have always laid emphasis upon the fact that the length of the 
spectrum and the manifoldness of colour-sensations do not stand in 
any direct connection. There are cases in which the spectrum is 
ahortened and the colour-sense is quite normal ; there are others of 
partial or total colour-blindness in which the spectrum has its 
ordinary extension on both sides. The case in question in the fore- 
going article proves that pronminced colour-blindnesa may even be 
<is80ciated with a considerably lengthened spectrum. 

Further, the experiments with the inverted spectrum prove 
beyond any possible doubt : 

1. That below about 540 fxfi no differences in colour quality are 
distinguished. Red, orange and yellow are seen as the same colour- 
tone. It must be pointed out that from the circumstance that all 
these colours are called red, it does not follow that the colour-blind 
sees them like our red. 

2. All wave-lengths above about 500-490/w/u are again seen as 
one quality (which is called blue), but in diflferent saturations. 

3. The colour missing in the ordinary spectrum, reddish purple* 
is seen exactly of tlte same quality as that in tlte middle of the 
spectrwm, the green between E and F. Whether this part of the 
spectrum is seen identical with colourless light or not cannot be 
decided with certainty from the results of the observations. The 
fact that the colour-blind localizes the " best green," and that he 
decidedly denies that it could be called white or grey seem to con- 
tradict this; the blunders in the distinction of grey and green 
pigments, on the other hand, support the purely dichromatic 
character of this system of colour-sensations. 

I may mention in this connection that so-called colour-equations 
are not an absolutely infallible means upon which to decide 
regarding dichromacy in cases similar to the one stated above. The 
assumption that everything which is colourless for the normal eye 
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must appear so to the colour-blind also, is incorrect as soon as it is 
admitted that the relations of complementary qualities may be 
shifted in the case of an abnormal colour-sense. 

The case above reported is different from all other cases which 
have come under my notice, and thus forms one proof more for the 
untenableness of those theories which try to force all cases into two- 
classes, with little modifications — red-green blinds and blue-yellow 
blinds. On account of the enlarged spectrum, which had not been 
observed hitherto, this case may find its place at the side of others 
which give a good deal of trouble to the adherents of the component 
theories, that of Von Vintschgau,* and case five in my own paper.f 
(I have just learned that the latter, a very interesting case of 
monocular colour-blindness, has been investigated again by Hering, 
and I sincerely trust that this renowned physiolc^ist will no longer 
hesitate to publish the results of his investigation, which adherents 
and opponents of the component theories are equally anxious to read.) 

It is not seldom that colour-blinds ask whether their defect 
could be cured or not ; or they ask for the prescription of glassea 
with which " they can see the colours." Without entering into any 
discussion of the question whether the colour-sense might be 
changed or not by means of drugs, hypnotism, etc., I may be per- 
mitted to state, that it is quite possible to furnish the colour-blind 
with some means by which roughly to avoid mistakes in the choice 
and designation of colours. This would be of great value to him, 
especially where his occupation involves a constant dealing with 
pigments or other colours. I have twice given " glasses " to colour* 
blinds. The principle itself is not new, for I think Delboeuf J used 
many years ago a solution of f uchsin for similar purposes. Red 
objects look bright when seen through this medium, whilst green 
surfaces appe£u: dark. Thus a red-green blind may distinguish red 
and green, by judging of their brightness when seen through a 
medium which absorbs either all the red or all the green rays. 
The first of these two cases was a Mrs. A., a milliner in San 
Francisco She was a dichromate with the indifference-line near B. 
Her defective colour- sense did not seem to have any damaging 
influence on her business ; it obviously caused more trouble to her 
own conscience than to the taste of her customers. 

♦Pfliigera Aichiv, xlviii, p. 431 ff. 
tPhiloBoph. Studien, viii, p. 196 ff. 
X I have not the literature at hand. 
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With respect to the question of the heredity of colour-blindness 
it may be worth while to mention that a sister of this lady was 
<5olour-blind also. Her brother was not colour-blind. Whether one 
of her parents was colour-blind or not could not be ascertained. Of 
the two children of Mrs. A., a daughter of thirteen years was not 
■colour-blind, whilst the little son, ten years old, had the same defect 
in his colour-sense as his mother. 

I gave to this lady two " glasses," i.6., two combinations of 
plates of coloured glass and gelatine films, the composition and 
absorbing power of which, as approximately ascertained with the 
spectroscope, were as follows : 

Light trftnamitted 
with small open- with wide open- 
ing of the ing of the 
slit. slit. 
I. Composed of 1 red glass (copper-oxide), 
1 film of yellow gelatine, L film of 

purple gelatine 700-690/1/1 750—670/1/1 

n. Composed of several blue and green 

gelatine films 650—480 *' 660—460 " 

■Combination I bore on its handle the direction : All objects 

which, viewed through this glass, lose much of their brightness, 

<:annot be red. (Combination II had the direction : All surfaces 

which lose much of their brightness, when looked at through this 

glass, cannot be green. Now, in order to become accustomed to the 

use of these instruments, and to use them with success in cases of 

lighter saturation-degrees of the colours, the colour-blind must 

practise with samples which form a kind of standard with which 

to compare the surfaces in question. For this purpose I gave the 

colour-blind two sets of samples, one on black, the other on white 

ground. Each of the two sets consisted of thirty -six little discs of 

coloured paper, about an inch in diameter. Ten of these discs 

represented the spectral colours in as good a saturation as pigment 

papers allow, ten the corresponding lighter tints, and ten others the 

d£u:ker shades of the same colours. Besides these there were three 

samples of grey and three of brown. The names of the colours 

were written (with gold bronze, in order to be visible through €tny 

glass) at the side of each disc. 

If the colour-blind is uncertain whether to call a surface red, 

green, or grey, he will look at it through the glasses described and 

in more difficult cases of slighter tinges of these colours he will 

carefully compare the behaviour of their intensities under the 

influence of the absorbing media with that of the samples. It is 

comparatively easy to identify grey surfaces by means of this 
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method, for they keep up about the same brightness for both absorb- 
ing glasses, whilst any red or green tinge reveals itself by contrary 
behaviour toward the two instruments. The distinction of very 
whitish colours, as light rose, lilac, etc., requires some practice, and 
a sharp and unprejudiced judgment. 

The other colourblind to whom I gave " glasses " of similar 
construction was Mr. S., a student at the School of Practical 
Science in Toronto. He is a pronounced dichromate, with an 
indifferent region extending a little on both sides of the line F. I 
made in this case three combinations, one for the red end of the 
spectrum to about 620 fiu, one which absorbed everything except the 
green, and a third which absorbed the green and transmitted the 
rays of the two ends of the spectrum fully. As standard colours I 
gave in this case three sets, one on white, one on black, and one on 
grey ground. Each set contained twenty colours, each in three 
degrees of saturation. There was a special table arranged for grey 
and brown. The successful use of so complicated an arrangement 
requires of course on the part of the colour-blind intelligence, sharp 
observation, and perseverance. 

The accompanying plate shows, as well as it can be reproduced 
by a half-tone cut, in its upper part (Fig. 1) a photograph of 
the spectra mentioned in the foregoing article. The limits of the 
visible spectra are indicated by perpendicular lines crossing the 
whole field. At the end of the shorter waves the photograph shows 
distinctly beyond the visible part the ultra-violet in the ordinary, 
and the ultra-yellow in the inverted spectrum. The two smaller 
photographs, Figs. 2 and 3. are obtained by means of light 
reflected from very thin films of mica. On account of the 
path-diflerence of the rays from the front and the back surface of 
the film they show interference-bands, which are equally visible in 
the ordinary as in the inverted spectrum.* 

*Ab no description has yet been given of the apparatus by means of which 
the normal and inverted spectra are projected on the screen together, I may 
here give a brief account of it. I have always used an electric lantern as the 
source of light in this experiment, since it is more convenient than sunlight. 
With the exception of the plate to bo next described, the rest of the apparatus 
consists of a large lens and a prism. The special part of the apparatus consists 
of a very thin plate of glass (I have used a microscope cover-glass) of any 
desired size, half of which is made opaque with the exception of a slit of the 
required width and length. The other half of the glass plate is left transparent 
with the exception of a portion, exactly opposite the end of the above men- 
tioned slit, and about the same size, which is also made opaque. This opaque 
strip I have called a ''negative slit.*' The plate is inserted in the path of 
the rays of light, which after passing it are focussed and deflected by the lens, 
and prism respectively. 
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systems in accoraance wiiii mc duujccuvc v»t ^/a^j %.%.«..*%. ^%«*««k«^w.^,. 
of the founder. 

The time problem was not the subject of particular inquiry 
up to the period of Aristotle. Plato scarcely touches it, except- 
ing in connection with his doctrine of creation, and then only in 
a naive manner. Aristotle asks the question. How do we 
perceive time? and his answer is that it is immediately per- 
ceived in connection with any and every sense perception as the 
number of motion.* 

^Aristotle, De Sensu et Setuilt^ cap. 7, p. 449. 
* Aristotle, De Coek^ c 9, sec. 8-10. 
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HISTORICAL SKETCH OF THE PROBLEM. 

It may be said that Kant and Aristotle are culminating 
points in the history of modern and ancient philosophy respec- 
tively. In the comparison of these two, separated by ages, we 
are reminded of the slow growth of knowledge ; for in essentials 
the philosophy of Aristotle approximates to that of Kant. Both 
asked the question, " How do we know ? " For answer, Kant 
brought the subjective and objective factors of knowledge face 
to face, if not together, while in Aristotle's doctrine of the 
categories and central sentient principle^ there is a presentation 
(vague, it is true, and surrounded by crude theories) of the same 
factors. Prior to each were philosophers who tried to explain 
the universe from the standpoint of subject or object exclusively ; 
and in succession to them there have been schools based upon 
the manner of interpreting their master's thought. The history 
of any particular problem in philosophy follows the same general 
lines. Arising earlier or later, according as it is included in the 
first cosmological inquiry or not, it takes its place in successive 
systems in accordance with the subjective or objective standpoint 
of the founder. 

The time problem was not the subject of particular inquiry 
up to the period of Aristotle. Plato scarcely touches it, except- 
ing in connection with his doctrine of creation, and then only in 
a naive manner. Aristotle asks the question, How do we 
perceive time? and his answer is that it is immediately per- 
ceived in connection with any and every sense perception as the 
number of motion.* 

^Aristotle, De Sensu et Sinsih^ cap. 7, p. 449* 
* Aristotle, Di Coelo^ c. 9, sec. 8-ia 
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After Aristotle down to the close of the Middle Ages, the 
problem was scarcely considered. In modern philosophy, from 
Descartes to Kant, every philosopher grappled with the question 
to some extent, but all were governed by their respective pre- 
suppositions, and explained time, like all else, as either wholly 
intellectual or wholly material. Kant's solution of the problem 
is, in reality, to make time one of the categories (in the 
Aristotelian sense of the word) or ways in which the mind looks 
at its content, these categories being contributed by the mind. 
" With regard to phenomena, we cannot think time away from 
them," he says, just as we cannot think ''quality" and ''quan- 
tity" away from them. In other words, in that unified or 
determined assemblage of phenomena which he calls object or 
fact of experience, there are two factors, the subjective and the 
objective, each of which is indispensable. In the subjective 
factor is included the temporal relation of phenomena. 

Since Kant, it may be said, speaking generally, there are 
three schools of interpretation of the time problem ; one may 
be characterized as the idealistic, another the materialistic, and 
the third is composed of those who make of time a special 
sensation. The first school adheres to the Kantian presentation, 
not merely as set forth in his chapter on Time, but as gathered 
from his whole philosophy. The second school is an off-shoot of 
one which has existed from the beginning of philosophical 
inquiry. Its adherents would try to show that time has an 
exclusively sensational basis. The third, as stated above, treats 
the idea of time as a special sensation. Each of these schools, 
has its representatives in modern psychology. Dr. Mach, of the 
University of Prague, may be mentioned as an adherent of the 
last. Among those belonging to the second is Dr. Hugo 
Munsterberg, while as a representative of the first school the 
distinguished Professor Wilhelm Wundt, of Leipzig, may be 
taken. These three psychological theories will now be more 
fully stated, in the order in which the names of their representa- 
tives have been given, and a comparison will be made of their 
relative merits. 

In the presentation of the first theory, we follow the exposi- 
tion of Dr. Mach in his " Beitrage zur Analyse der Empfindungen." 
The contention of this school is that " time is a special state of 
consciousness." Mach says : " The existence of a special specific 
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time sensation appears to me to be beyond doubt." ^ He draws 
his conclusion from such facts as these. In the first place, the 
content of time may be changed without changing the time itself* 
In contiguous bars of music the rhythm may be exactly the 
same, but the tone entirely different. The recognition of time 
intervals as constant, though their content be continually chang- 
ing, is not a product of the reason, he says, but is rather an 
immediate sensation. He illustrates this position further from 
the striking of a clock ; the separating of the strokes as first, 
second, third, fourth, and so on, by which their position as before 
and after is given, is not, he believes, a thought which accom- 
panies the sensation of hearing, but is rather an immediate 
''time sensation." To explain the time sensation a little more 
definitely, Mach notes that it is always present in every conscious 
state, that it is of necessity organically connected with every 
conscious state. When the attention is severely strained, time 
appears to pass slowly ; when the exertion is lighter, it passes 
more quickly. If we are so interested that the exertion of 
attention is scarcely felt, then the hours pass rapidly away. 
Where attention is wholly wanting, as in dreamless sleep, time 
passes quite unconsciously, and the only connection between the 
two waking periods is an intellectual tie. Besides this influence 
of attention on the passing of time, a very strict concentration 
of the attention on some expected event may actually change the 
time order. The blood may appear to the overstrained attention 
before the surgeon's lancet has actually pierced the skin. These 
considerations, Mach thinks, indicate such an organic connection 
between the time sensation and attention, and such an obedience 
of the former to the latter, that he concludes that " time is the 
work of attention." Before examining the validity of the 
grounds on which the above theory is based, we will state the 
position of those who maintain that the presentation of time is 
attached to certain special states of consciousness, characterized 
also by other content. Since both views are affected more or 
less by the same errors, they may be better discussed together. 
In the presentation of the second theory, the exposition of 
Mflnsterberg in his " Beitrage zur experimentellen Psychologic" 
will be followed. He begins with an attack on Wundt's position, 
that in estimating the relative length of smaller intervals, e.g. 



^Mach, Beitrage nur Analyse der Empfindungen^ p. 104. 
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from 0.5 to 3 seconds, the actual time-lengths themselves are 
compared directly, and not through the medium of their content. 
Miinsterberg holds that these small intervals without content do 
not normally occur, but that in all time presentations the judg- 
ment of the interval depends on muscular tension, that is, on 
tension of the different organs occasioned by muscular conduc- 
tion, or by the memory of such. These are the only data at our 
disposal for the immediate feeling of time. Whence come these 
feelings of muscular tension ? Goldscheider says that they have 
their seat principally in the joints, in the thin sensitive layer 
which covers the ball of the bone and the socket in which it 
works. MQnsterberg replies that there are no joints in the 
eyeball, the tongue, the lips, etc., yet that the feeling of tension 
is quite as noticeable in these as in the leg or arm, and further, 
that the feeling may change after the teeth are closed and no 
further movement takes place in the joint of the maxillary bone. 
The feeling of tension arises, then, not from the local sign in the 
joints, but from the muscles ; in the muscles lies the whole source 
of the feelings of tension. In stating the subjective experience 
on which, according to this theory, an interval is estimated, he 
says : " If there are given to me impressions of sight ; for example, 
if a point of brightness should appear upon a dark ground 
irregularly at intervals of from one to three seconds and vanish 
again, I feel at every appearance of the stimulus the muscles of 
the eye exert themselves to direct the line of vision to the 
luminous spot ; all the muscles contract to fix the spot firmly, 
and the accommodation muscle exerts itself to secure a clear 
impression. In short, the whole organ of vision, as soon as the 
stimulation begins, comes into a state of exertion, by which the 
stimulus gains in distinctness, and its perception rises above the 
other content of presentations."* These feelings of tension and 
relaxation are the whole data for the time idea, and on their 
nature depends the estimation of intervals. The presentation 
of time is the synthesis, made up of the perception of the 
impressions which limit the parts of time together with the 
sensations of muscular exertion, which increase and decrease in 
intensity, and which we usually do not refer directly to the 
muscles. We believe, he says, that we refer our special state of 
consciousness directly to time, we believe that we perceive time 

^Miinsterberg, Beitrage mht exptrimintelUn PsychologU, Heft 2, p. 22. 
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sensation directly, just as the man groping in darkness believes 
that he perceives space directly, whereas he only perceives 
directly the limitations of space, and infers the rest from these 
directly perceived data. In the case of time, what is immediately 
felt is the muscular exertion increasing and diminishing in 
intensity, and from that time is inferred. 

On the hypothesis that the estimation of intervals depends 
on the change in intensity of muscular sensations, MQnsterberg 
accounts for the intelligent division of the continuous flow of time 
by a physical process which is continually changing, the act of 
respiration. In this process, the muscles of the organs involved 
are continuously employed in contracting and expanding, and 
make a regular alternation of strain and relaxation in muscular 
tension. Although there are factors which cause irregularities 
in this periodical division of time, such as the existence of certain 
central processes, leading us to make an inspiration at the 
moment we turn to an agreeable impression, and to exhale at 
the moment when an impreosion of the opposite nature is 
experienced, still when the attention is closely occupied inspira- 
tion and expiration follow regularly, and thus afford a continuous 
uniform standard of time. Before explaining the experimental 
work with which he supports his theory, MOnsterberg notes that 
the discoveries of different seats of temporal sensitivity by other 
experimenters may not be all wrong; indeed, if the cause of 
their disagreement were known, it might be shown that they 
were all right. Their different results may be accounted for by 
the varying sensibility of the organs involved. In auditory 
impressions, an interval of 2 o- could be discriminated, but if the 
two stimuli were separately conducted, one to each ear, the 
smallest noticeable interval elapsing between the impressions was 
found to be 64 a. Similarly, when an auditory and a visual 
stimulus were given simultaneously, the auditory impression was 
perceived before the visual, on account of the more rapid trans- 
mission of the stimulating process in the labyrinth of the ear. 
Previous theories, he says, have failed to explain this variation 
in the point of temporal sensitivity, but he thinks that his own, 
being based on muscular tension, accounts for it satisfactorily. 

In his experiments, Wundt's time-sense apparatus was used, 
and his calculations were made by the method of average errors. 
He always used one normal and one comparative time interval, 
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and in some of his experiments an interval was allowed to elapse 
between the normal and the comparative intervals. In the first 
group of his experiments, by touching the lever himself he 
directly stopped the apparatus, when a time which he judged 
equal to the normal interval had passed, and thus registered the 
length of the comparative interval. His trials in this first group 
were on intervals ranging from six to thirty seconds. First, a 
series of trials was made on intervals, the length of which was 
wholly independent of the length of time occupied by any 
organic function of the body ; next, a series of trials was made 
on intervals that were multiples of his respiration time. The 
results of his experiments* show that in the first series, where 
the intervals were independent of respiration time, the error was 
10.7 per cent., while in the second series, where the intervals 
occurred just in the same phases of respiration, the error was 
only 2.g per cent. In a second group of trials, on intervals rang- 
ing from one to sixty seconds, the experiments were divided into 
two similar series. In the first series, where the phases of 
respiration were not taken into account, the error was 24 per 
cent., and in the second series, where the intervals always occurred 
in the same phases of respiration, the error was only 5.3 per cent. 
In a third group, the intervals were filled with slow regular 
muscular exertions and relaxations, independent of respiration* 
With this content in small intervals, from three to ten seconds, 
great errors were made, but in the longer intervals the estimation 
was very accurate. 

These experiments prove that there is no special time sense 
in our consciousness. The changing muscular tension and 
relaxation, psycho-physically conditioned, form the standard of 
our time measurement. In the bodily conditfoned periodicity of 
these exertions lies the cause for the phenomena of time. It is 
erroneous to attribute this periodicity to consciousness itself. 
*' The physically unconditioned transcendental apperception does 
not function periodically in its apprehension of time, but those 
physiological excitations, whose centripetal effect is our presenta- 
tion of time, are subject to periodical change. The apparently 
most exact proof that our consciousness is not only conscious of 
the psycho-physically conditioned states, but that it also inter- 
feres actively in them and changes its relation to them, has 

^Munsterberg, Beitragi sur experimtnteiien Psychologies Heft 2, pp. 66 and 67. 
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revealed itself as a series of uncritical errors."^ Not to the con- 
sciousness must the periodical undulations of the sensation of 
time be attributed, but to the content of consciousness ; and no 
state or content of consciousness changes, unless the bodily 
state, i.e. the tension of the muscles, changes. Hence he con- 
cludes that metaphysics must again admit that a property claim 
of the transcendental consciousness is declared invalid and is 
transferred to the sensuous reflex apparatus of the body. 

In the presentation of his theory, Mflnsterberg, like Mach, 
has based his conclusions on what is experimentally insufficient, 
and hence his theory, like that of Mach, is affected by far-reach- 
ing errors. The objection that time intervals without content do 
not normally occur is urged against Wundt's position that in 
estimating comparatively small intervals we compare the actual 
time-lengths themselves. This objection would be valid against 
Mach's contention that there is a special particular time-sensation, 
but it scarcely holds against Wundt, who does not maintain that 
there are time intervals without content, but rather that time, 
as a property of all states of consciousness, may by abstraction 
be brought into the gravitation centre of consciousness, and its 
relation to other properties investigated by experiment. To 
MOnsterberg's conclusion, that the sensations arising from mus- 
cular tension and relaxation are the only data at our disposal 
for the immediate feeling of time, there is the fundamental 
objection that, since these feelings can only be experienced in 
time, they presuppose time, and must have a position as before 
and after other sensations. _, Time is one of the ways through 
which the mind looks at every fact of consciousness ; hence to 
conclude that certain facts of consciousness are the data of our 
feeling of time is merely ^petitio principii. Nichols has shown 
by careful experiments that sustained attention to a rhythm 
materially influences the estimation of succeeding intervals.' 
If the estimation depended wholly on muscular sensations, this 
would not occur. Meumann, also, has demonstrated that the 
intensity of the limiting sensations influences the estimation of 
small intervals, and that the content has little influence on the 
estimation of medium intervals, exercising control only in long 
intervals. Further, he shows that there is an aesthetic factor 

^Miinsterberg:, Beifr&ge, itc. Heft 2, p. 68. 
'Nichols, FsytkoUgy of Tinu^ p. 94. 
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involved, and that pleasure and pain have an effect upon the 
estimation of some intervals.^ 

It is far from self-evident that the above theory explains 
very generally the variations in the position in which different 
experimenters have placed the point of temporal sensitivity* 
The fact that an optical impression is slower in coming into 
consciousness than an auditory is not explained by the muscular 
tension, but more probably by the different nature of the processes 
of stimulation in the two sense-organs. The experiments on 
which MOnsterberg bases his theory were not very accurate in 
method or calculation, but the amount of discrepancy arising 
from that source would probably not affect the results. If it be 
granted that his results are correct, still they do not justify the 
conclusions he draws from them. From the fact that intervals 
whose limiting sensations fall in similar phases of respiration are 
much more accurately estimated than others which are indepen- 
dent of any organic function of the body, it can only be inferred 
that the organic functions of the body provide data which enable 
the mind more accurately to estimate the intervals in which they 
occur. It does not justify MQnsterberg's inference that the 
sensations arising from the tension of the muscles are the only 
data that we have for the feeling of time. Thus, as stated above, 
the experimental basis of his theory is quite inadequate. His 
materialistic standpoint involves, further, the fatal objection that 
the sensorial reflex apparatus of the body is the ultimate basis 
of the theory. This position is open to all the criticisms that 
may be urged against the empirical school Time is nothing 
without the facts of consciousness, but it is a property of all 
facts, all processes. The error in both the theories already set 
forth arises from the fact that they mistake certain factors which 
influence time presentation for the presentations themselves. 

The third position, which is the direct development of 
the Kantian standpoint, has as its most eminent exponent 
Professor Wundt of Leipzig. This theory explains time 
not as a special sense, nor as dependent on certain special 
states of consciousness, but as a factor in all states of con- 
sciousness. Wundt criticizes Kant for indicating, through his 
use of the terms external and internal sense, that there is a double 
experience;' he nlaintains that there is no such double ex- 

^Pkihsophischi Siudun, IX., p. 264. 
•Wundt, Out/tMis o/PsycAoU^, p. 158. 
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perience. From statemeots that appear in the Kritik there 
seems to be some ground for the above objection. No doubt 
Kant*s training in the earlier philosophy had biassed his mind 
strongly in favour of the complete separation of subject and 
object, so that it was not easy for him to cut himself wholly free 
from language which might leave the impression that he himself 
was still enslaved to the conception of a dual experience. But 
Kant's system hardly justifies that interpretation. Thus, in 
dealing incidentally with a problem which does not belong to 
psychology, viz., the explanation of the community of soul and 
body, he says : ** The difficulty which lies in the execution of 
this task consists, as is well known, in the presupposed hetero* 
geneity of the object of the internal sense (the soul) and the 
objects of the external senses, inasmuch as the formal condition 
of the intuition of the one is time, and of that of the other space 
also. But if we consider that both kinds of objects do not dififer 
internally, but only in so far as one appears externally to the 
other — consequently that what lies at the basis of phenomena, 
as acting in itself, may not be heterogeneous, this difficulty 
disappears."^ This is a direct statement of the unity of experience 
— " both kinds of objects do not differ internally " — but this 
unity has an internal and external aspect. It is true that there 
is still left for Kant the " thing in itself," but the charge that he 
contends for a double experience even in phenomena can hardly 
be justified, since here, and in other passages, he evidently con- 
tends for a single experience with two factors, though it may be 
questioned whether be saw fully the implications of his own 
position. 

Wundt, then, in the development of his theory, has, as the 
underlying principle, the '* unity of experience," which seems to 
have been the objective point of Kant's system. Time is nothing 
apart from the facts of consciousness ; it is not even a process, 
as Nichols says, but is a property of all facts and all processes. 
But this property can by abstraction be brought into the gravita- 
tion centre of consciousness, it can be brought before voluntary 
attention, and then its relation to other properties may be 
investigated by experiment. . This theory is the basis of modern 
psychology, the science of the immediate experience ; and this 
experience, as stated above, is not the dualism of unrelated subject 

^Kant, Cfiiiqtu «/* Pmr$ Reason^ tcaniUted by Mdklejohn, p. 252. 
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and object, but is composed of processes interconnected by 
certain laws, each of which processes has two factors, experienc- 
ing subject and objective content. The unity of the immediate 
experience is the self, and each fact of experience is a process 
connected with others, and hence implying time. Thus we see, 
once for all, from a psychological standpoint, that time is present 
in the data from which the science of psychology is con- 
structed. Time is normally present in every fact of ex- 
perience, time-relation conditions every fact of experience, 
but time occurs alone only as an abstraction. Time, then, is 
a constant factor, not only of the self, the unity of the im- 
mediate experience, but of every conscious process which goes 
to make up the self. By the union of sensations and feelings or 
affective elements, which are obtained by abstraction and analysis 
of the facts of experience, a psychic compound is formed, whose 
nature depends not so much on its component elements as upon 
their union. When these compounds again are united, the 
result is more than the sum of the compounds. 

We find that time-presentations are of the nature of psychic 
compounds ; thus it may be well to look a little more fully into the 
nature of psychic compounds. In the first place, they embrace all 
composite components of psychic experience, which have cer- 
tain peculiar characteristics sufficient to make them relatively 
independent ; next, they are processes, not things — processes 
which are continually changing, and can therefore only by ab- 
straction be thought of as momentarily constant at all ; and 
further, they are never absolutely independent, but are continu- 
ously uniting with other compounds to form a greater inter- 
connection. Compounds are of two classes according as they 
are formed principally of sensational or of affective elements. 
Time compounds belong generally speaking to the former class, 
though not exclusively, for certain afifective elements play an im- 
portant part in their formation. There are two most favourable 
sources for temporal ideas, the so-called inner-touch sensation, 
and auditory sensations, though the conditions for their use are 
present in every sensation. The inner-touch sensations, espec- 
ially those accompanying the movements of the body which are 
most involuntary, such as walking, form a basis for the ideas of 
time. In every step taken there is a series of sensations, repeated 
for every subsequent step in exactly the same order. The 
beginning and the end of each step are characterized by outer 
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tactual sensations, caused by lifting the foot and replacing it 
again, and between these two limiting points there is a regular 
series of inner-touch sensations, arising from the movements of 
the hip joints, and these are stronger at the beginning and the 
end on account of effort and inhibition. Corresponding to the 
inner-touch sensations we have a series of affective elements 
consisting of feelings of strained expectation followed by feelings 
of fulfilment. Here, then, are two elements of the time idea, 
sensational and affective, the former predominating. In examin- 
ing auditory sensations we find that the sensations which go to 
make up the idea are only at the end of single intervals. Bu^ 
although there is an absence of almost all objective sensation in 
these intervals, there is a very noticeable affective content, viz., 
the gradually increasing feeling of strained expectation followed 
by the feeling of fulfilled expectation. There is also a less 
noticeable, but still important, sensational element in the con- 
tent, arising from the tension of the tympanic membrane and 
other parts of the organ involved ; the subjective element is, 
however, by far the most important in the auditory sphere, and 
its influence on the time idea has been shown to be quite funda- 
mental. It has been found that an interval of one-fifth of a 
second is most favourable for the union of successive auditory 
impressions,^ a fact which shows that the continuous recurrence 
of this interval secures the most emphatic alternation of the 
subjective elements of strained expectation and fulfilment. If 
the interval be longer, the feeling of strained expectation is so 
intense as to be unpleasant, and if it be shorter, the rapid alter- 
nation of feeling becomes fatiguing. We have in this a proof of 
the influence of an aesthetic element in the judgment of the 
time interval. Analysis thus proves that the elements of the 
time idea are both sensational and affective. They are not 
mutually exclusive, nor can temporal attributes be ascribed to 
either of them separately. We therefore conclude that the time 
idea is a fusion of the two elements with each other and with 
the objective impression. In conscious life we always find them 
so fused, so that again after analysis we arrive at the position 
from which we started, that time is a constant factor of 
conscious life, and that there is no such thing as isolation in the 
continuum of consciousness. 

^ Wandt, Outlines tf Psychology^ p. 149. 
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In the time idea the elements bear a fixed unchangeable 
relation to one another ; none can be changed without changing 
the whole. But in addition to this the elements bear a relation 
to the ideating subject, so that when any element is changed in 
relation to another it also changes its relation to the ideating 
subject. These two relations are always found connected in 
actual experience, but when we isolate them for the purpose of 
investigation, we find that from the relation of the elements to 
one another we get the so-called modes of time, viz., brief, short, 
long, etc., and from their relation to the ideating subject we get 
the temporal stages, past, present and future. If a series a, 
6, c, d, etc., represent points in space, they may all be perceived 
at once; the fixation point may rest on any one of them, and 
the rest be grouped from that centre. If it be a time series, they 
may also be perceived at once, if they be points in the past, but 
the fixation point of time is always the present moment, and 
from this point the other points in time are always arranged. Since 
the present moment is always judged in relation to the totality of 
the past, then it follows that no two moments are identical, for 
the totality of the past with which one moment is related is in- 
creased by that moment and thereby altered before the next 
moment is related to it. Thus there is a characteristic belonging 
to every point in time, which distinguishes it as past in relation 
to the present moment, and makes this present the fixation point 
from which all the rest are arranged. The fact that the affective 
element in time is conditioned by the totality of previous experi- 
ence, and so made different, produces an ever-changing impres- 
sion of the present moment. This impression of the present 
moment is called the inner fixation point, and the never-ceasing 
change in the inner fixation point is called the continuous flow 
of time. This continuous change means that no moment of 
time is like any other moment, and that no moment can ever 
return. There is no such thing as time in which no change 
takes place, and since the fixation point is continually moving 
forward it follows that time is of a one-dimensional character. 

The above is in substance Wundt's theory of time ; it is the 
theory of modern experimental psychology. And let it be observed 
that although by abstraction and analysis the time idea has been 
reduced to its elements for the purpose of investigating its 
nature, still it is only by artificial analysis that it can be so 
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separated into its elements. In nature the time idea does not 
appear so separated, but only as a property of all facts of con- 
sciousness. This theory avoids the errors which Mach falls into 
in making the time idea a special particular sensation, and also 
the errors of which Miinsterberg is guilty in making the time idea 
the property of a special sense only, and in working out his 
theory ultimately from a materialistic standpoint. Wundt's 
theory, starting as it does from what we hold to be the only 
consistent standpoint, viz., immediate experience, will, we 
believe, account for all the phenomena of time. 



II. 

THEORY OF TIME ESTIMATION. 

In all states, the percipient subject is conscious of a temporal 
relation; no experience is without duration. Both sensations 
and the intervals between them occupy time ; each has a content, 
but the content of a sensation is more evident than that of an 
interval. The duration of sensations has not been experimentally 
investigated in regard to its temporal value for consciousness. 
Experiments on the estimation of time in intervals, by Kiilpe, 
Meumann, and others, show that below an interval of a certain 
length the limiting stimuli exercise an important influence. 
Above this interval, where longer periods are involved, the 
content of the interval, e.g. respiration, heart-beat, or some 
other organic fuuction, enters as a factor influencing the 
judgment. 

The interval that lies between the short and long groups, 
which has been found to be the most accurately estimated inter- 
val, we believe to be the " unit of time,*' and the basis of all 
time estimation. It differs in length more or less in different 
individuals, but in all cases the constant error and mean variation 
are less as we approximate to it. Here, neither the limiting 
impression, which influences the judgment of shorter intervals, 
nor the organically functioned content, which influences the 
judgment of longer intervals, modifies the estimation to any 
marked degree. This remarkable fact in connection with the 
estimation of intervals, that a more or less definite interval is 
estimated most accurately, and the further fact that as we depart 
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suggests, as an explanation of the quantitative change in memory, 
that there is a typical representative for each class of experiences 
(conscious processes), which is a residuum left over from all the 
experiences we have had. Towards this middle type or unit all 
our memory images are drawn. 

As was said above, the nature of the limiting stimuli is a 
factor which enters into the estimation of intervals smaller than 
the unit, and has a bearing on the accuracy of their reproduction. 
It is found, for example, that intervals which are bounded by a 
fairly loud, sharp sensation are judged to be shorter than intervals 
bounded by a weak sensation,* while on the other hand they are 
judged to be shorter likewise than intervals whose end-signals 
are still stronger.* This difference is accounted for by the sub- 
jective strain of attention or expectation in the weak and also in 
the very strong sensations, which tends to lengthen the intervals. 
From these facts, Kiilpe' concludes that the limiting stimuli are 
the basis for the estimation of short intervals, whereas they are 
but a disturbing factor in the estimation. Schumann, in the 
same way, makes the feelings of strained expectation and surprise 
negotiate the estimation of the interval. Intervals shorter than 
the unit of time, however, cannot be estimated and reproduced 
individually, but only by being grouped into a series. This is 
confirmed by the fact that they are thrown into a subjective 
rhythm, which divides itself according to the temporal unit or 
multiples of it. Rhythmic reproduction of short intervals is 
established by the results of Meumann, Kiilpe, Miiller and others. 
We do not believe that such rhythmic grouping is confined to 
intervals limited by auditory impressions alone, as Kiilpe says.* 
Experiments were made by students under the direction of 
Professor Kirschmann, in the laboratory of the University of 
Toronto during the session 1894-95, with the following recorded 
results.* Mr. Warren, under the heading Pendulum Experiments, 
writes: "In the first experiment, a striking rhythmic interval 
occurs, showing itself from the first and continuing with the 
same regularity during the reproduced time, the periodic return 
of under-estimation and over-estimation increasing during the 

»Cf. Tables IV., V. and VI., infra, 
^Wundt, Outlines of Psychology, p. 151. 
•KUlpe, Ouilims of Psychology y tec. 65, 3 (i). 
*Kulpe, Out Urns of Psychology^ sec 65, 5, 2a. 

^These results are anpablished, bat they are preserved in the Archives of the 
Psychological Department. 
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progress of the experiments." Mr. Crawford's experiments 
show a noticeable, although not a constant, periodicity in visual 
impressions. Under the heading Points to be Noticed, he says : 
" In experiments with visual impressions (pendulum vibration), 
a periodicity is noticeable in some series of experiments, but not 
in all." Mr. F. W. Varley, in a very carefully prepared paper, 
summing up results of experiments with both visual and auditory 
stimuli, says : '* On viewing the graphic representations of these 
experiments, it may be seen that they have been characterized 
by waves of attention. Periodically there has been a compara- 
tively great aberration, indicating a relaxation." In our own 
experiments with visual impressions, the intervals ranged from 
half a second to nine seconds, and the tendency to rhythmic 
accentuation was not noticeable. In nine series of experiments 
with auditory (metronome) impressions, there was a marked 
periodicity in some, while in others it was not apparent. 

From the above statements we do not think that the exclusion 
from rhythmic accentuation of all intervals except those bounded 
by auditory impressions is warranted. On the contrary, it seems 
to be a constant characteristic in the reproduction of all 
short intervals, and is due, in part at least, to the fact that 
such short intervals cannot be estimated individually, but are 
thrown into a subjective grouping. Thus the experimental facts 
in connection with the estimation of the class of short intervals 
supply a basis for the theory of a temporal unit. 

3. In the estimation of intervals above the unit of time, 
observers find great, almost invincible difficulty in excluding the 
influence of the content. This content is generally some regu- 
larly recurring organic function, and upon it depends largely the 
accuracy of the judgment. The observer K. attempted to ex- 
clude the influence of content as far as possible. The results 
show that this attempt vitiated his judgment to a very marked 
extent. The explanation is not, however, that the content is the 
basis of judgment, but that the mind estimates intervals longer 
than the unit in terms of the unit itself, and that the unit or the 
multiple of it is here represented by some regularly recurring 
organic function. As in short intervals reproduced in groups 
the quality of the limiting sensation is a factor enterine into the 
estimation of the interval, so in long intervals the character of 
the content plays a part m the estimation. An interval which 
has a full and varied content is judged to be comparatively 
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long^er than one which is not so crowded, because of the strain 
required to keep the attention on the interval, when there are 
other things to distract it. If, however, the content becomes so 
interesting as to absorb the attention entirely, the time passes 
more quickly and is judged to be shorter. The part thus 
played by attention does not make it a basis of estimation, as 
Mach thinks, but only shows its influence as a single factor. 
We may now sum up our conclusions as follows : 
(i) A certain interval, which varies considerably in different 
individuals and which may vary in the same individual at different 
times, is the unit of time and the psychological basis of the 
estimation of intervals in all three classes. 

(2) In the first and third classes of intervals factors enter 
which influence the judgment, but they are only modifying con- 
ditions, not the bases of our estimation. There are, in our opin- 
ion, not three different kinds of temporal judgment, but three 
applications of the one form of temporal judgment. 

(3) Although time must be considered as an elementary 
property of consciousness, incapable of further analysis, the 
unit of time, nevertheless, which seems to be the basis of the 
estimation of intervals, is of the nature of a psychic compound. 
It contains, as may be seen by analysis, both subjective and 
objective factors. Of these two factors, the objective seems to 
have, at least genetically, the predominating influence. It may be 
some organic function, or multiple of such, which has accustomed 
us to the duration which is our unit more than to any other, or 
the duration of some objective impression or interval to which 
we have been always accustomed may have played the funda- 
mental part in its formation. 

Before proceeding to give any account of our experimental 
work in the laboratory of the University of Toronto, it may be 
well to consider briefly two recent articles on this subject of 
time judgment by F. Schumann.^ The views there presented 
might be classed with the second of the time theories given 
above (p. 7) and passed without further comment, for they partake 
of the same general nature, being one-sided and materialistic in 
tendency. The views are, however, the most recent exposition 
of the school, and for that reason we consider them a little more 
fully. 

^ZiitschriftflStr PsychologU^ Bd. xirii., p. 106, and Bd. xviii, p. x. 



[122] 22 

Schumann maintains that in the estimation of time intervals 
the judgment is mediate.^ Whether it is mediate or immediate 
must be answered, he says, by experimental psychology, and not 
from theoretical principles, and he concludes from his experi- 
ments that the feelings of expectation and surprise mediate or 
negotiate the estimation of the interval. Without following the 
steps by which he reaches this conclusion, to be noted later, we 
shall first examine the basis from which he starts and his theory 
of judgment. The starting point for psychology, according 
to Schumann, must be ** inner perception." ' The latter term 
is used for the perception which arises on the occasion of a sense 
stimulation. In making this the basis of certain knowledge Schu- 
mann is unduly emphasizing the subjective, almost to the 
exclusion of the objective element of the immediately given 
fact of experience. The immediately given is the idea-object, as 
Wundt has shown, and not the idea, which must be the element 
of inner perception. The idea and the object are secondary 
products, the result of the analysis of the immediately given fact. 
Hence Schumann's "inner perception," which he assumes to be 
the immediately given, and therefore the basis of certainty, is 
not the immediately given, but an abstraction. However 
valuable the accuracy of his experimental investigation may be, 
the value of the conclusions he arrives at will be, if not vitiated, 
at least much impaired, on account of this erroneous basis of 
certain knowledge from which he starts. Schumann's state of 
confusion as to the nature of the immediately g^ven is again 
apparent in his theory of the judgment of time intervals. In his 
conclusion' that expectation and surprise mediate or negotiate 
the judgment of time intervals, he is using two complex temporal 
processes as the basis of his judgment. Hence, on his own 
showing, time estimation is not a judgment mediated by untem- 
poral processes, differing entirely in nature from time itself, but 
it is rather of the nature of an immediate comparative judgment. 
For those processes, which he says mediate the judgment, in so 
far as they play a part in that judgment, do it through their own 
time element, which in the act of judgment is compared with the 
respective time intervals under discussion. 

Schumann seems to leave out of consideration, in his theory of 

^Ziitschrift fUtr PsychohgitfiA. xviii. 
^Z$itsckHft fiur Psychologies Bd. xvii. 
•Ziitschrift/nr PsychologU^ Bd. xviil. 
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• judgment, the relativity of the whole content of consciousness. 
He maintains that there is no comparative activity in judgment, 
on such grounds as that the intensity of an impression advances a 
number of units before the judgment of increased intensity arises. 
But, if there be no comparison, to say that the intensity is in- 
creased means nothing. It must be increased in relation to some 
other intensity. Further, if there be no comparison in judgment, 
then Schumann's theory that expectation and surprise mediate 
the judgment cannot be sustained, for in this process of media- 
tion there is comparison involved. Either Schumann must give 
up his theory of judgment being entirely passive, or else be 
cannot maintain bis theory of time estimation. A clear compre- 
hension of experimental psychology, the standard to which 
Schumann appeals, should show that the most fundamental and 
primary judgment involves activity from one point of view, and 
passivity from another. For the more or less relatively isolated 
immediate experience may be viewed from one point as the active 
knowing, and from another as the passive known. These are 
not two different experiences, but two ways of looking at the one 
unitary experience. The most fundamental judgment, then, is 
both active and passive, and every other judgment must partake 
more or less of the same nature. 

Having shown what we believe to be the errors of Schumann's 
theory of judgment, and that too by an appeal to the same stan- 
dard which he himself applies, viz., the decision by experiment- 
al research, we shall now consider his theory of the estimation of 
small intervals. Schumann says : ^" Ich habe nun die Ansicht 
ausgesprochen und zu beweisen gesucht, dass diese Nebenein- 
drilcke der Erwartungsspannung und der Ueberraschung die 
Sch&tzung der Intervalle vermitteln und zwar in der Weise dass 
ein Intervall, vor dessen Endsignal eine lebhaftere Erwartungs- 
spannung auftritt, Unger erscheint als ein Intervall, bei welchem 
sich nur eine schw&chere Erwartungsspannung geltend macht, 
und dass jedes durch Erwartungsspannung ausgeitillte Intervall 
fur l&nger gehalten wird als ein Intervall dessen Endsignal un- 
erwartet kommt." We have stated in a previous part of this 
paper what place these feelings of strained expectation and sur- 
prise occupy in the estimation of intervals. That they are not 
the basis of our estimation seems evident from the following 
considerations : 

^Ziitsckrififur PsychchgU, Bd« xriiL, p. 2. 
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1. There is one fact in connection with the estimation of in- 
tervals which has been experimentally established almost beyond 
a doubt, viz., that there is a certain more or less definite inter- 
val which is most accurately estimated. It is admitted by in- 
vestigators that in the estimation of this interval these accom- 
panying impressions of expectation and surprise are less marked 
than at any other. Why is it then, if they negotiate the estima- 
tion of the interval, that where the sensible discrimination is most 
accurate we are least conscious of these feelings 7 If they 
negotiated the estimation of intervals they should be most marked 
where that estimation is most accurate. That this is not the 
case has been experimentally established. Not only are they not 
marked where the estimation is most accurate, but according to 
Schumann^ himself, when the strain of attention is strongest, and 
surprise greatest, there the greatest errors in judgment are made. 
This error, he goes on to say, becomes less as the feelings of ex- 
pectation and surprise decrease. Hence we must look deeper 
than these for the basis of the estimation. 

2. It is as clearly established as the fact of a most accurately 
estimated interval, that above and below this interval there is a 
gradually increasing error in judgment. This fact of the over- 
estimation of intervals shorter than the one we have called the 
unit of time, and the under-estimation of intervals longer than 
the unit, is not explained by Schumann's theory. If these negoti- 
ated the estimation of intervals, it would follow that wherever 
they are as little noticed as at the unit of time the estimation 
should be just as accurate. But that this accuracy does not 
occur has been established by experiment ; for, both above and 
below the unit of time, after the strain consequent upon the 
change of normal time has passed away, when the attention has 
adjusted itself and the end-signal enters just when it is expected, 
there is ever found an error in judgment which increases as we 
depart in either direction from the most accurately estimated 
interval. Hence we conclude that the feelings of expectation and 
surprise do not mediate the estimation of the intervals, either 
when these feelings are most marked, or when they are at the 
mean of alternation. We do not deny their presence, but they 
are only factors in the estimation, not its basis. 

3. In addition to the above reasons for rejecting the theory 
that makes time estimation depend on feelings of strained expec- 

^ZeUschrift fur FsychohgU, Bd. xriiL, p. 2. 
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tation and surprise, there is another, and not one of the least im- 
portant. It has been mentioned above in connection with the 
criticism of Schumann's theory of judgment. Wherever a feeling 
of strained expectation is experienced a complicated process takes 
place, which has temporal relations and can itself be estimated. 
This feeling of strained expectation is one of the affective accom- 
paniments of any content of consciousness which is being actively 
appercetved. It is exceedingly complicated and may be accom- 
panied with excitement, pleasure, pain and the like, and its 
temporal relations may be of longer or shorter duration. Yet we 
are asked to take as the negotiator of temporal estimation a com- 
plicated affective process which is itself as temporal as that which 
we are estimating ! 



III. 

EXPERIMENTS ON THE EFFECT OF A LAPSE OF TIME BETWEEN 
THE NORMAL AND COMPARATIVE INTERVALS. 

The purpose of the experiments now to be described was to 
investigate the effect of a lapse of time between the normal and 
the recording of the comparative interval upon the accuracy of 
the reproduction. The work on these experiments was done at 
regular times of the day and week, so as to secure as far as pos- 
sible uniform conditions in the subject, and the experiments 
were continued over a period of four months. Everything was 
removed that might create any counter-interest, or in any way 
disturb the subject whilst making the judgments, so that, as far 
as objective conditions were concerned, there was nothing to 
hinder the subject from giving his undivided attention to the 
work. 

The apparatus used was a Charles Verdin kymograph (Paris, 
1892), with a number of fixtures designed by Professor Kirsch- 
mann, for the purpose of securing visual and auditory stimulation, 
and to insure accurate recording of the judgments of the subject. 
[ Visual stimulation was used exclusively in these experiments, and 
the method by which the light-flash was communicated to the 
observer may be seen by referring to the half-tone cut of the 
kymograph (Fig. i.) The flame of an incandescent lamp was 
reflected from a small mirror (C in Fig. 2) at the end of the drum 
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of the kymograph, through holes cut at equal distances in a band- 
shaped ring which was fitted on to the end of the drum. As the 
drum revolved the reflected light was seen through a telescope by 
the observer, who sat about fifteen feet away. The light appeared 
in successive flashes as the holes passed the mirror. The length 
of the interval was varied by changing the number of open holes. 
The field of vision of the observer for the flash of light was en- 
tirely obstructed except for what appeared through a graduated 
aperture in the screen A (see Fig. i.)>in front of the revolving 
band. The lamp B was enclosed, so as to throw not much light 
out into the room, which was darkened during the experiments ; 
the light flashes would therefore be sharp. The comparative in- 
tervals were registered on the carboned paper which covered the 
drum of the kymograph, by means of a rigid steel wire, one end 
of which the observer held between his fingers, and the other end, 
passing round a pulley, was connected with the pointer C in 
contact with the paper. At the pull of the observer the pointer 
slid along steel rods, thus making a curve in the otherwise regular 
line, and by this means the estimation of the subject was record- 
ed. A weight (D, Fig. i) connected with the pointer brought it 
back to its place as soon as the strain on the wire was released, 
after each reaction. 

The use of simple mechanical transmission might at first 
glance seem primitive, but, in accord with the request of the 
director of the laboratories, we wished to avoid all complications 
arising from the use of electricity. The current and silently 
accepted view that electricity, since it travels so swiftly, requires 
also but an exceedingly short time to accomplish work, f.^., to 
overcome resistance, is utterly fallacious. Wherever electricity 
has to accomplish a mechanical labour, be it in the form of 
chemical or elect ro-magnetical action, or simply the discharge of 
a spark, it requires time ; and this time is not independent of the 
duration of previous conditions.^ In the case where longer 
periods have to be recorded, and where efficient controlling 
apparatus can be applied, as in Wundt's chronograph, the errors 
mentioned do not amount to much ; but wherever short and 
varying intervals have to be recorded, the errors produced by 
electric marking will materially impair if not wholly invalidate 
the results. 

^KUlpe and Kinchmann, Sin muir Apparoi tur CamiroiU Miitmessindir Instru* 
nunti, {Phii. Stud,^ Bd. viii., p. 145.) 
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In order to control the speed of the revolution of the drum, 
and to serve as a basis of measurement of the normal and the 
recorded intervals, the vibrations of a K6nig tuning-fork were 
excited by an electric current from a storage battery, and trans- 
ferred to the carboned paper on the drum by a Deprez signal 
(D, Fig. 2). The steel point of the Deprez signal, which was 
used to record the vibrations of the tuning-fork, was mounted on 
the same rods, but just behind the pointer which the observer 
used to record his judgments. The lines made by the two points 
thus follow each other side by side round the drum, except where 
the straight track of the pointer is interrupted by the curve 
marking the reaction. The Deprez signal and the pointer passed 
gradually from one end of the revolving drum to the other, by 
means of a screw connection (E, Fig. i) worked by the assistant. 

The experiments of this investigation, the results of which 
are given in the tables below, were made by S. on intervals of 
half a second, three-quarters of a second, and a second and a 
half. In order to avoid the errors of reaction time involved in 
experiments where a single normal and comparative interval are 
used, a successive series of intervals was used in both cases. 
The observer was allowed before each series of judgments to see 
the objective stimulation for half a minute, and in order to assist 
in getting the rhythm of the successive stimuli, where necessary, 
some movement of the hand or foot was used. When the half 
minute had elapsed the objective stimulus was turned out, and 
the observer began immediately to record the series of compara- 
tive intervals, continuing until stopped by the assistant. The 
same series was exactly repeated twice again for each interval 
tested, with only this change, that half a minute and one minute 
respectively were allowed to elapse between the cessation of the 
objective stimuli and the beginning of the recording of the com- 
pared intervals. During this lapse of time the physical move- 
ment referred to above was discontinued. With the intervals of 
half a second and one and a half seconds three groups of the 
series were made, but only two with the three quarters of a second 
interval. In the first table below is given a summary of the ex- 
periments. Only the first twelve trials in each case are counted, 
making in all thirty-six trials at the ** immediate,** half minute, 
and one minute pauses with the half-second and second and a 
half intervals respectively, and twenty-four trials at the same 
three pauses with the three-quarters of a second interval. The 
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second table is a summary of all the trials made. The normal, 
average, constant error, and mean variation are given in terms of 
one-hundredth of a second. The first table is given with an equal 
number of trials in each group of the series, lest the experiment 
should be vitiated by having an unequal number of trials at the 
various lengths of pause. 
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Results. (Taken from Table i.) 
(i) The interval of half a second approximates to what has been 
called above, the unit of time. The constant error and mean 
variation are less at this interval than at any of the others. 
Here also the effect of pause is less than with intervals above 
it. The mean variation is the same for ** immediate " and 
** I min.*\ while the constant error is nearly the same for 
both. 

(2) With the intervals above the unit of time the mean varia- 
tion increases with the length of pause. Sensibility decreases 
with intervals above the unit. 

(3) The constant error is practically the same throughout for 
" I min." and " immediate." 

(4) After the lapse of half a minute the results are not regular ; 
with the longest normal interval the constant error is less 
than for ** immediate/* but with the other normal intervals 
it is greater. The mean variation is always greater for " half 
min." than for '* immediate." 

The results from Table 11. do not vary much from the above. 



IV. 

weber's law and time estimation. 

The limit of the sphere in which Weber's law holds accur- 
ately is still an open question. Sanford^ says that it holds 
** tolerably " for medium stimuli of several kinds, with very large 
and small stimuli only imperfectly, and with some it cannot be 
demonstrated. Kiilpe* says that with pressure, auditory, and 
strain sensation, also with light intensities, a constancy of sen- 
sible discrimination is experienced. The scanty investigation of 
the senses of temperature, taste, and smell has not yet reached a 
stage at which definite conclusions can be drawn. Wundt^ says 
that the law has been shown to hold for the intensity of sensa- 
tions, and within certain limits for the comparison of extensive 
compounds, especially temporal ideas ; also to some extent for 
spacial ideas of sight and for motor ideas. On the other hand it 

^Sanford, Experimmtai Psyehohgyt Cb. yUl, p. 334. 
JKiilpe, (halings oj FsycM^y^ p. 126. 
*Wandt, Outlims ofPsycMogy^ p. 255. 
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does not hold for spacial ideas of external touch, obviously on 
account of the complexity of the local signs, and it cannot be 
verified for sensational qualities. 

The above authorities do not differ much among themselves, 
but there is a great disparity in the direct testimony of those 
who have investigated the validity of the law in reference to time 
estimation ; and on this account our own series of experiments 
was undertaken. The great difference in the testimony of earlier 
investigators has probably arisen from their having failed to take 
into account correctly the many disturbing factors which may 
vitiate the results of experiments. 

One such factor is the general condition of the operator ; 
fatigue or nervousness may be the source of much divergence in 
the testimony of subjects at different times. The state of atten- 
tion also is a source of considerable variation ; a concentrated, 
well-governed attention will give more accurate judgment than a 
musing, listless or uncontrolled attention. This factor has been 
treated in detail above. The method of registering experiments 
has led to erroneous results, as noted in connection with the work 
of Mach and Miinsterberg. A lack of appreciation of the true 
function of rhythm in time estimation has led many experiment- 
ers to regard it as a factor which detracts from the accuracy of 
the estimation of intervals, instead of as a condition which makes 
the estimation of certain very short intervals possible. The effect 
of aesthetic factors too has been often misinterpreted, as has also 
the part played by the content in the estimation of larger intervals. 
These factors, which are all involved in the estimation of time 
intervals, are mentioned to show the many sources from which 
confusion may arise in the treatment of the question. But if 
these, and perhaps others not noted, could be carefully eliminated 
from the experiments, there would probable be no such disparity 
in the testimony of investigators as to the validity of Weber's 
law in the estimation of time intervals. 

Ernst Mach, in a series of experiments which are neither fully 
nor definitely enough stated to sanction his conclusion, finds that 
Weber's law is not valid. His experiments were made from i860 
to 1865, extending over a period of five years, during which the 
conditions were not very uniform, his rather primitive methods 
of stimulation and recording being changed from time to time. 
He professes to have tested intervals from .016 sec. upward, but 
he only gives figures for a few of the intervals. Taking such a 
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small interval as the lower limit, and testing the validity of the 
law from the whole range of intervals, from one so very short to 
a long one, he could scarcely have come to any other conclusion, 
since such small intervals, even if they could be individually 
estimated, could not be recorded with any degree of accuracy. 
Hence little importance can be attached to the results at which 
he arrived.^ 

Karl Vierordt maintains that the law does not hold. He 
thinks that the fact of contrast between long and short intervals, 
making the former longer and the latter shorter, is sufficient to 
cause a discrepancy, and that this, together with some other 
factors, renders uniformity in time estimation impossible. Though 
Vierordt is right in maintaining that after a succession of short 
intervals a long one seems unduly long, still that fact is not suffi- 
cient to destroy the correctness and uniformity of time estimation. 
His experiments, moreover, were too limited in number to be 
very conclusive.* Volkmar Estel concludes with Mach and 
Vierordt that the law does not hold. He experimented on inter- 
vals ranging from 1.5 to 8 seconds, and his recording was done 
with the earlier form of Wundt's time-sense apparatus. His ex* 
periments were too scanty to be of real value ; some of the inter- 
vals received only three trials by each subject, and few were 
treated more thoroughly. In addition to this, his work 
is coloured by such a strong controversial spirit, arising from 
his dispute with Vierordt as to the effect of a pause between 
the normal and comparative intervals, that his results cannot be 
greatly relied on.» Fechner subjects Estel's work to a severe 
criticism, and exposes its weakness. He himself thinks that 
nothing is to be discovered which is irreconcilable with Weber's 
law.^ Mehner comes to a conclusion midway between Estel and 
Fechner ; he finds that the law holds approximately above the 
interval of 7.1 seconds, where the sensibility is constant, but that 
below 7.1 seconds, where the sensibility is rhythmic, it does not 
hold. He maintains that in the results of Estel and others the 
disparity of results arises from lack of practice, strain of atten- 

^Untersuchen uber den Zeitsinn des Okres. (Moleschott'i Untersuchumggn^ 1866, 
p. 181.) 

*D$r Zeiisifm, (TubingeD, 1868). 

*Ntu4 VersucAf uber den Zeitsinn. {Phil, Studien^ Vol. ii., p. 37.) 

* i/ber die Frage des Webet^schen Gesetus tmd PeriodicU&tsgesetus im Gebiet 
des Zeiisinns, {AbhandL d, mathemai.'pkys. Classe d, k^, Sdehs. GeselL d. IViss., Vol. 
viii. p. 3.) 
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tion, etc.^ Richard Glass found that there was a tendency to 
follow the law,' and the results of Ejner also show that the in- 
crease of the average error with the length of the interval approx- 
imately follows Weber's law. A weakness in his experiments is 
that they were practically all conducted on one subject, but other- 
wise they were sufficiently comprehensive.' Thorkelson main- 
tains that Weber's law is entirely valid throughout in the judg- 
ment of time intervals. 

We proceed now to our own experiments. We first con- 
ducted a series, extending over four months, for the purpose of 
investigating the influence exerted on the reproduction of an 
interval by a lapse of time between the normal time magnitude 
and the recording of the comparative intervali the results of which 
are stated above. ^ The work on that problem practised us and 
gave us a thorough acquaintance with the apparatus used for 
recording the estimated length of intervals, and with the method 
of conducting experiments similar to those required for the test- 
ing of Weber's law. On this account a smaller number of trials 
was made in the latter investigation than would have been 
necessary to draw any valid conclusions, had the ground been 
entirely new. Our first aim in the experiments was to remove as 
far as possible all factors which might have a disturbing influence 
on the accuracy of the judgment of the subject ; since these seem 
to have been responsible in many cases, probably to some extent 
in all the work of previous experimenters, for the disparity of 
their testimony in regard to the validity of Weber's law. To this 
end, in order to secure the same physical state, and avoid the in- 
fluence of fatigue with its concomitants of musing, listless or 
laboured attention, the experiments in 1897-98 were made 
regularly between the hours of eleven and one. In the follow- 
ing academic year 1898-99 the experiments were made regularly 
between the hours of two and four in the afternoon. All disturb- 
ing factors which might interrupt the subject during the course of 
his work were removed, and there were, as far as could be 
ascertained, no special or unusual aesthetic influences present to 
bias his judgment. 

^Zur Lekre vom Zeiisinn, {PJkii, Studun^ Vol. ii., p. 546.) 

*JCriHschis tmd ExptrinutUelUs iiber den Zeitsinn. {PhiL Studien^ Vol. v., p. 
4*3.) 

^SxperimiutelU UtUirsuehungin UUr den Zeitnnn. (Iiuuignrml Disiertation No. 
137, Dofpat, 1889). 

^Smpra^ p. 3a 
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For the last division of the three following tables, the method 
of visual stimulation and the apparatus for recording the estima- 
tion described above were used. But in the other divisions of 
the tables, where the intervals were too short to admit of the 
same system, an auditory stimulation was arranged, and also a 
modified method of recording. The stimulation was made by 
means of little pegs fitted into sockets corresponding to the holes 
in the band on the end of the drum through which the light 
flashes were reflected. As the drum revolved, these pegs, in 
passing, struck a small aluminum plate (A, Fig. 2), and so pro- 
duced a series of regular clicks. The length of the interval 
between the clicks was varied by changing the number of pegs. 
The method of registering these intervals may be seen by refer- 
ring to Fig. 2. Instead of the pointer described above for writing 
the records, another was substituted, having the same connection, 
and the same relation to the Deprez signal, but extending 
below the rods on which it travelled. This pointer (B, Fig. 2) 
moved on a pivot through its centre, so that the observer, by 
striking the lower end with his finger, made a slight movement 
of the other end of the pointer, which was in contact with the 
carboned paper, thus causing a slight divergence in the line and 
so recording his judgment. The pointer was immediately 
drawn back to its place by a spring. 

In experiments which have been made with single, normal and 
comparative intervals, the reaction time of the subject materially 
reduces the accuracy of the judgment registered. This source 
of error was avoided in our experiments by making both the 
normal and the comparative consist of a series of immediately 
succeeding intervals. Four persons were tested on intervals 
ranging from o.i to 9 seconds. A large number of trials were 
made on each of the intervals, by each subje ct ; in all six thou- 
sand nine hundred and thirty-five judgments were recorded. 
The exact distribution of the judgments and intervals may be 
seen from the tables below, in which the experiments are sum- 
marized. Throughout the experiments, on both short and long 
intervals, in order to get the interval definitely into conscious- 
ness, before recording the judgments, twenty practice reactions 
were made immediately before each series, followed by from 
twenty to forty reactions recorded on the drum of the kymograph. 
This plan was followed throughout the experiments, and it acted 
as a safeguard against the errors which so frequently arise from 
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diffused attention, and from the nervous confusion frequently 
involved in the first few reactions. The accompanying cut (Fig. 3) 
represents parts of three sample sheets taken from the drum 
of the kymography containing the tracings of a tuning-fork of 
one hundred vibrations to the second, by which the length of the 
interval was registered, and the tracings of the pointer which 
marked the limits of the elstimated interval. 

We give next a sample sheet containing the readings in 
detail of the length of each estimation of the interval, together 
with their average and mean variation, the latter representing 
the average error. In the tables that follow appear only the 
summed results of the different series of estimations made by 
each subject in the experiments. 

Reading of Sheet 17 ^ Observer K. 

Visual stimolatioii. Two holes open in the drum of the kymograph, through 
which the light stimulation flashed to the observer at each revolution of the drum. 

Three series of trials, a short stimulation each time, then twenty practice 
reactions with objective stimulation, followed by twenty reactions without 
objective stimulus, recorded on the carboned paper on the drum. 

Normal interval 0.75 seconds. 
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Table in contains the records of the estimations of observer 
K. In the first column the stimulus intensity is stated ; in the 
second, the number of separate judgments that the subject made 
on the intervals ; the third contains the length of the normal 
interval in terms of a thousandth of a second, the fourth, the 
length of the average estimation of that normal, also in terms of 
a thousandth of a second. The fifth column contains the con- 
stant errors for each series, the sixth, the mean variations, and 
the seventh, the relation of the mean variation to the normal in 
percentages. In order to show exactly the average deviation 
from a perfect equality in percentage of the mean variations, and 
hence the deviation from the absolute validity of the law, the 
mean variation of those percentages is worked out and placed 
in the last column in each of the divisions of the tables. The 
summary of results contained in these tables represents practic- 
ally the whole of the estimations made, and not a few of the 
best, or those which best suited the theory of the experimenter. 

Table in is divided into three divisions. The first division 
represents results of experiments made during the academic year 
of 1897-98. These experiments were made for the double pur- 
pose of testing Weber's law, and also to examine the influence 
of a change of intensity in the limiting impressions which marked 
the beginning and close of the intervals. In them an auditory 
stimulus was used. The second division records experiments 
similar to the first set, except that no change in the intensity of 
the limiting impressions was made, and these experiments were 
made in the following academic year, 1898-99. The third 
division contains the estimations of intervals of much greater 
length, and in these the limiting impressions were made by 
visual stimulation, instead of auditory as in the former series. 
The records in the table are arranged with the interval increasing 
constantly firom the top to the bottom of the column, so that in 
reading down the column of the constant error the point of 
maximal accuracy may be easily noted where the constant error 
is smallest and just where the plus error of the short interval 
changes into the minus error of the long interval. That point 
seems to be what is called above the unit of time, and by this 
arrangement its relative length for the different subjects may be 
easily seen. 

Table iv is a similar record of the estimations made by W. 
They were made in the same years and under circumstances 
similar to those which obtained in the case of K. 
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Table v differs from the above two only in that the first 
division was more comprehensive in the case of S., so that the 
second division which contained a number of series of experi- 
ments on approximately the same intervals as division one, in 
the above tables, was omitted in his case. 

Table vi is a set of trials made by B. on the short intervals 
only, viz., from gg<r to 2540-. 

The gentlemen who acted as subjects in these experiments, 
represented respectively as K., S., W., and B., are Professor 
Kirschmann, Mr. M. A. Shaw, Mr. F. S. Wrinch, and Mr. S. 
Blumberger. Here we wish to acknowledge with gratitude our 
indebtedness to Professor Kirschmann, under whose direction 
our work was done, for the generous and learned assistance 
tendered us, both in our study of the literature of the subject 
and in the conduct of the experiments. 

Table III.— Observer K. 
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Division j. 

The following trials were made during the academic year 1896-97, on inter- 
vals of increasing length : 
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NoTB. — In the estimations of the two longest intervals, viz., 46000" and 
90500-, records of which appear in the last two lines of the table above, 
the mean variations are abnormally large, compared with estimations of the 
same length of interval made by the other two subjects at the same time ; and 
also compared with estimations made by the same subject at a later date. These 
later estimations were made on long intervals divided up into unequal rhythmi- 
cal divisions, and hence they are not stated here.* We give in the last column 
of this division the mean variation of the percentages of the mean variations of 
the first four intervals, which we regard as normal, in addition to the mean 
variation of the whole six intervals, which we regard as abnormal. 
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* Se« below, p. 47 tt ttq. 
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Division 2, 
As in the previous table the above intervals were also investigated again in 
the next year» with results as follows : 
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12.75 



> 

•o 



8.59 
8.03 
6.19 
3.69 
4.93 
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1.51% 
0.67%* 



* In Divikioo 2 the first two intenrals, i.e., 960* and 108(r, are regard* d as abt^ormal (s6e below). 
On thb aoooofit we bave xiven the mean variation of the percentages of the last four intervals, in which 
the recording was sadafactory, as well as that of the whole six. 

Division j. 
The following trials were made during the academic year of 1896-97 on 
longer i ntervals : 
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Table V.— Observer S. 
Division /. 



Stimulus 
Intensity. 



Low 

High 

Low 

High 

Low 

High 

Low 

High 

Ix>w 

High 



180 
180 
180 
180 
80 
80 
120 
120 
120 
120 
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125 
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150 
150 
187 
187 
214 
214 
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140 
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213 
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+ 1 
-1 
-1 
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5.2 

4.3 

4.2 

5.1 

6.8 

6. 

7.7 

9.6 

6.3 

6.7 
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4.8 

4. 

3.4 

4.1 

4.5 

4. 

4.1 

5.1 

25 

2.8 
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Division 2. 
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Table VI.— Observer B. 
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Subject B. also had diiBculty in registering the shortest 
intervals as fast as he heard them. On this account in the last 
column of his records the mean variation of the percentages of 
the last five intervals is given as well as that for the whole six. 

We proceed now to the results indicated by the above tables. 
The effect produced by changing the intensity of the limiting 
impression has already been noted. In the trials made by K. 
the law of Weber holds very closely throughout all the intervals 
investigated except the last two (Table lii., Div. 3). In these two 
intervals, 46000- and 90500-9 the percentage of the mean variation 
is about four times larger than the average percentage for the 
other intervals, and the constant error is proportionately large, 
and is plus, where, according to the tendency shown in his other 
judgments and also in the judgments of other subjects on this same 
interval, it should be minus. This anomaly in the case of the two 
longest intervals very probably arose from the fact that the 
subject, K., in his anxiety to exclude any external factor which 
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might iofluence his estimation of the interval, interrupted the 
regularity of the organic functions which naturally make up, at 
least in part, the content of longer intervals. Hence in attempt- 
ing to exclude this content, which normally has its part in the 
estimation of longer intervals, his judgments became abnormal, 
and in addition to this source of error, which in a measure 
accounts for the irregularity, the subject was somewhat dis- 
tracted by the pressure of other duties* at the time when these 
experiments were made. Leaving out those two intervals then, 
we find that the mean variation of the whole of the percentages 
of the mean variations for the various intervals in all three 
divisions of the trials made by K. amounts to less than one, the 
mean variation for the first division being 0.82, for the second 
0.81, and for the third, apart from the two last intervals, only 
0.99. The very close uniformity in the results of the different 
divisions of K.'s estimations has greater significance from the 
fact that the experiments were made in successive years — division 
three in 1896-97, division one in 1897-98, and division two in 
1898-99. This circumstance, together with the fact that the 
experiments of division three were made with a visual stimulation 
and those of divisions one and two with auditory stimuli, and 
also the large number of judgments, speak very conclusively 
for the validity of Weber's law. 

In the shorter intervals K. uniformly reproduces the com- 
parative interval longer than the normal. Up to 2250- there are 
none but plus signs in the constant errors. Above that, the 
intervals, with the exception mentioned above, are almost uni- 
formly judged shorter. At the position where the constant error 
changes from plus to minus, the percentage of the mean varia- 
tion is smallest, though in K.'s results there is no great variation 
in the percentages of the mean variation. K.'s unit of time lies 
probably not much above 2250-, since at 5030- the constant error 
has changed very considerably from plus to minus. 

The testimony of W. does not differ much from that of K. 
In the second division of Table iv., in the first two intervals, as 
well as in the first interval of division one of the same Table, W. 
was conscious of being unable to react fast enough to record the 
intervals as he heard them. This accounts for the marked and 
abnormal increase in the percentage of the mean variation for 

^Annual ExamiiiAtioiis. 
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these intervals. Apart from these shortest intervals, the mean 
variation of the percentages of the mean variations diifers very 
slightly in the three groups, being for the first division 0.72, for 
the second 0.67, and for the third 0.72. These are even more 
uniform than the results of the trials of K., and the amount of the 
variation in the percentages is smaller. The circumstances 
under which the experiments were made were similar in the 
case of both subjects, the different divisions being made in 
different years, and one with visual stimulation, the other with 
auditory. Hence in the results of W.'s estimations the validity 
of Weber's law is more accurately established than in those of 
K., although the absolute difference in the two results is very 
small, so that their testimony is practically at one. The sign of 
the constant error changes from plus to minus at about the same 
position in both the groups of experiments, of which one was 
made in 1897-98, the other in 1898-99. The comparative interval 
is reproduced longer almost without exception up to a normal 
of 1500-, above that with a couple of exceptions it is reproduced 
shorter. The mean variation also reaches its minimum at the 
same point, which being the point of greatest accuracy in judg- 
ment indicates the length of W.'s unit of time. This unit for 
W. is much shorter than for K., and much shorter than the 
usual point of maximal accuracy, which lies between 2000- and 
30oor. But the results of our experiments do not justify the 
theory that the point of maximal accuracy in the estimation of 
intervals is at all uniform ; on the contrary it appeared to differ 
considerably in different individuals. 

In Table v., which records the judgments made by S., 
exceptions similar to those noted above, in the longest intervals 
of K.'s work and in the shortest of W.'s, do not appear. The 
mean variation of the percentages of the mean variations of the 
several intervals tested in division one is only 0.62, an amount 
smaller than in the case of either K. or W., and the work in 
that division was very comprehensive, comprising over 1350 
separate estimations. In the second division the variation is a 
little larger though still comparatively small, being only 1.5. 
Hence S.'s estimations confirm the testimony of the two previous 
subjects to the validity of the psychophysical law. S.'s time 
unit is quite definitely marked. It lies between the units of the 
previous two subjects, a little longer than that of W. and much 
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shorter than K.'s, at about 1870-. There are almost no excep- 
tions to the longer reproductions of the comparative in the 
intervals shorter than iSja, and at only one point in the longer 
intervals is the average reproduction in the comparative not 
shorter than the normal. 

B, did not complete the whole series of intervals which were 
investigated by the other three subjects. But in the trials made 
on shorter intervals, recorded in Table vi., his results do not 
vary much from the testimony of the others. He also, as in th 
case of W., found difficulty in recording the shortest interval 
viz., ggo-, as fast as he heard the limiting impressions, and 
hence we omit the record of that interval in calculating the mean 
variation of the percentages of the mean variations. The varia- 
tion in the percentages of B.'s trials is a little larger than for the 
other subjects, but it is still comparatively small and points in 
the same direction, towards the validity of Weber's law. So far 
as relates to the intervals with which B, worked, his time unit 
is quite definitely marked. It lies at about 2000-, longer than 
that of W. and S., but still considerably shorter than K.'s. 

To sum up the results of our experiments in brief — the 
testimony of the whole four subjects inclines clearly towards a 
confirmation of the validity of the law of Weber, at least within 
the limits covered by the intervals investigated, viz., from Q3<r 
up to 91500-, The mean variation of the percentages of the 
mean variations for all the intervals in the 1600 judgments made 
by K. is only 0.87, in the 1330 judgments made by W. it is only 0.70, 
in the 1600 judgments made by S. it is only 1.06, and in the 540 
judgments made by B. it is 1.34. As to the comprehensiveness of the 
ground covered by the intervals tested, our apparatus, as noted 
above, is arranged so that with the least possible exertion the sub- 
ject records his judgments ; and since with this delicately adjusted 
apparatus the subjects found it difficult or impossible to record 
the smallest intervals as quickly as they heard the limiting 
impressions, we may justly assume that the series starts with the 
shortest intervals for which it is possible to record judgments. 
Also, in the longest intervals of the series a point is reached 
where the judgment depends very largely on the content of the 
interval ; hence if longer intervals were tested, the same principle 
would be involved in their estimation, and the same results 
would thus naturally ensue. Thus we think that the results of 
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the investigation of the above series of intervals practically cover 
the whole scope of time estimation in as far as it is accessible to 
a direct test of Weber's law. With each of the subjects the 
point of maximal accuracy of judgment, or the time unit, is 
quite definitely marked, and does not vary materially in the 
experiments made by the same subject in different years. But 
this point differs in its position for each of the subjects ; for K. 
it was an interval of about 3000-, for B. about 2500-, for S. 200cr, 
and for W. about 1750-. Thus the time unit differs in length 
for different individuals, but it is a definitely marked interval in 
each case. 



V. 

REPRODUCTION OF COMPLEX RHYTHMICALLY ARRANGED 
GROUPS OF INTERVALS. 

A further series of experiments was undertaken to investigate 
the degree of accuracy that obtains in the reproduction of com- 
plex rhythmically arranged groups of intervals of unequal length. 
This series was also undertaken in part for the purpose of testing 
further Weber's law, by applying it to somewhat varied condi- 
tipns of reproduction. In these experiments, instead of using 
as stimulus a uniform series of intervals, limited by visual or 
auditory impressions, as was done in the previous experiments, 
an unequal series was used. In the first two groups for each of 
the three subjects the stimulus was given by clicks made as 
before, but in this case one of the intervals between the 
clicks was twice as long as each of the others. In the 
remaining groups of intervals, which were of increasing com- 
plexity, no mechanical stimulation was given. Each subject 
chose some grouping which was familiar to him, and reproduced 
it a certain number of times, making the records on the kymo- 
graph as described above for intervals limited by auditory im- 
pressions. The groups of intervals were chosen quite arbitrarily ; 
whatever was familiar to the subject and sufiiciently complex to 
satisfy the requirements of the experiment was allowed, e,g., the 
rhythm of the beats of a drum, a couple of bars of some popular 
air, or a group made up impromptu and easily retained in 
consciousness. 
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Before inserting the tables which contain the summed re- 
sults of the experiments, one sheet of the readings in full of such 
a series is given. A cut of the records on one of the sheets 
made in this series, taken from the drum of the kymograph, is 
also included in Fig. 3 above. 

Table vii. contains the records of judgments made by K. It 
is almost self-explanatory. There are eight groups of intervals, 
the simplest containing only three intervals, the most complex 
nineteen. The first line in each group shows the number of 
intervals and the number of judgments made on each. The 
second gives the average length, in order, of each of the respective 
intervals of the group. The third line gives the amount of the 
mean variation of each of the intervals, and the fourth the rela- 
tion in percentages which the mean variations bear to the length 
of the intervals. This last is included for convenience in com- 
paring the relative accuracy of the judgments on the different 
lengths of intervals. In the last line is given the average of the 
total duration of all the intervals of the group summed, the total 
mean variation, and the percentage of the mean variation. 
Tables viii. and ix. are similarly arranged records of the judg- 
ments made by the other two subjects, W. and B. The length 
of all the intervals in these, as in the other tables, is stated in 
terms of one thousandth of a second. 
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Table VIL— Observer K. 

Group 1 :— No. of intervals =3. No. of judgments on each =13. 

Average length 379 192 182 

Mean variation 11.98 8.28 4.08 

%ofM. v.. 3.1 4.3 2.2 

Total duration of group 752(r. Total M. V. 24.26=3.2%. 

Group 2 :— No. of intervals =3. No. of judgments on each =14. 

Average length 402 189 189 

Mean variation 16.53 5.71 7.55 

% of M. V 4.2 3 4 

Total duration of group 772<r. Total M. V. 29.79=3.8% 

Group 3 :— No. of intervals =5. No. of judgments on each =17. 

Average length ^ 288 130 137 352 

Mean variation 13.04 12.56 10.59 14.58 18.37 

%ofM. V 4.6 4.3 8.1 10.6 5.2 

Total duration of group 1192^. Total M.V. 69.15=5.8%. 

Group 4 : — No. of intervals =5. No. of judgments on each =22. 

Average length 548 546 522 267 264 

Mean variation 24.21 20.45 16.05 9.77 10.2 

% of M. V 4.4 3.7 3.1 3.6 3.8 

Total duration of group 2103<r. Total M. V. 80.6=3.8%. 

Group 5 : — No. of intervals =7. No. of judgments on each =15. 

Average length 374 128 287 258 263 263 544 

Mean variation 12.8 15.24 16.44 10.8 10.93 8.91 30.13 

%ofM. V 3.1 4.3 2.2 4.2 4.1 3.4 5.5 

Total duration of group 2117o-. Total M. V. 105.27=4.9%. 

Group 6 : — No of intervals =8. No. of judgments on each =12. 

Average length 212 560 214 617 203 235 218 623 

Mean variation 15 38.33 12.43 28.89 15.27 12.15 11.25 31.38 

% of M.V 7.1 6.8 5.9 4.7 7.4 5.2 5.1 5.1 

Total duration of group 28860*. Total M. V. 164.72=5.7%. 

Group 7 : No. of intervals =10. No. of judgments on each =10. 
Average length.. 443 325 115 246 235 443 435 319 133 792 
Mean variation. .8 8 6.5 9 9.4 10.2 5.6 5.6 7.5 20.5 

%ofM. V 1.8 2.5 5.6 3.6 3.9 2.2 1.2 1.7 5.6 3.5 

Total duration of group 3489(r. Total M. V. 90.3=2.5%. 
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Group 8 : — ^No. of intervals =19. No. of judgments on each =6. 

Average length 287 311 131 130 328 291 286 121 128 

Mean variation 10.55 22.77 17.77 11.11 25 11.1110.56 6 11.5 

%ofM. V 3.7 7.3 13.6 3.8 7.5 3.8 3.7 4.1 10 

Average length.. 339 288 297 284 294 294 286 127 130 337 
Mean variation. . 12.22 5.55 7.5 9.66 6.5 5.55 13.88 4.15 5 10 

%ofM. V 3.6 1.9 2.5 3.4 2.5 1.9 4.8 3.3 3.8 3 

Total duration of group 4697o-. Total M. V. 207.42=4.4%. 

Table VIIL— Observer W. 

Group 1 :— No. of intervals =3. No. of judgments on each =16. 

Average length 181 198 414 

Mean variation 3.48 11.72 30.03 

%ofM. V 1.9 5.9 7.3 

Total duration of group 789o-. Total M. V. 45.23=5.7%. 

Group 2 : — No. of intervals =3. No. of judgments on each =18. 

Average length 191 197 359 

Mean variation 9.16 7.22 27.46 

%ofM. V 4.8 3.6 7.6 

Total duration of group 746<r. Total M. V. 43.85=5.8%. 

Group 3 : — Number of intervals =5. No. of judgments on each =15. 

Average length 557 601 564 285 308 

Mean variation 18.75 22.80 27.15 13.02 8.44 

% of M. V 3.4 3.7 4.8 4.5 2.7 

Total duration of group 2311o-. Total M. V. 90.16=3.9%. 

Group 4 :— No. of intervals 7. No. of judgments on each =13. 

Average length 645 199 165 356 335 358 673 

Mean variation 21.14 10.94 7.39 17.57 8.16 12.25 28.58 

%ofM. V 3.3 6.5 4.4 4.9 2.4 3.4 4.2 

Total duration of group 2733<r. Total M. V. 106.05=3.8%. 

Group 6 :— No. of intervals =8. No. of judgments on each =12. 

Average length 388 199 180 393 387 378 405 696 

Mean variation 22.08 14.02 7.22 12.22 22.5 16.11 9.65 22.36 

%ofM. V 5.7 7.1 4 3.1 6.8 4.2 2.4 3.2 

Tbtal duration of group 3029<r. ToUl M. V. 126.17=4.1%. 

Group 6 : — No. of intervals =8. No. of judgments on each =9. 

Average length 499 268 935 198 201 277 654 722 

Mean variation 24.56 16.42 61.11 4.07 9.01 14.56 31.23 23.70 

%ofM. V 4.9 6.1 6.4 2.1 4.4 5.2 4.7 3.2 

Total duration of group 3752<r. Total M. V. 174.68=4.6%. 



49 [149] 

Group 7 : — No. of intervals =10. No. of judgments on each =7. 
Average length.. 667 473 223 597 427 264 688 175 214 932 
Mean variation.. 36.53 32.24 16.94 23.47 20.2 15.1 17.09 2.85 12.04 74.89 

%ofM. V 5.5 6.8 7.3 3.9 4.7 5.7 2.6 1.6 5.6 8 

Total duration of group 4660(r. Total M. V. 256.37=5.4%. 

Group 8 : — No. of intervals =15. No. of judgments on each =8. 

Average length 517 340 165 785 528 331 175 &12 195 

Mean variation 21.87 22.5 8.75 46.87 10 16.16 4.37 69.37 12.03 

%ofM. V 4.2 6.6 5.3 5.9 1.9 4.9 2.6 10.8 6.2 

Average length 360 180 607 514 520 919 

Mean variation 6.25 6.25 13.12 14.53 17.6 27.6 

«/oOfM. V 3.1 6.2 2.5 2.8 3.3 5.5 

Total duration of group 6683(r. Total M. V. 332.31=4.9%. 

Table IX — Observer B. 

Group 1 : — No. of intervals =3. No. of judgments on each =21. 

Average length 373 198 178 

Mean variation 17.19 7.17 8.02 

%of M. V 4.6 3.6 4.4 

Total duration of group 751a. Total M. V. 32.39=4.3%. 

Group 2 : — No. of intervals =3. No. of judgments on each =22. 

Average length 330 187 170 

Mean variation 20.08 7.72 9.54 

%of M. V 6.1 4.1 5.6 

Total duration of group 693<t. Total M. V. 37.35=5.4%. 

Group 3 : — No. of intervals =6. No. of judgments on each =16. 

Average length 527 471 252 254 500 

Mean variation 20.5118.12 9.61 8.98 32.18 

%ofM. V 3.8 3.8 3.8 3.5 6.7 

Total duration of group 2005ir. Total M. V. 89.41=4.6%. 

Group 4 : — No. of intervals =7. No. of judgments on each = 12. 

Average length 393 214 203 433 408 369 463 

Mean variation 25.41 26.18 31.04 29.16 29.58 22.91 33.12 

%ofM. V 6.4 12.2 15.2 6.7 7.2 6.1 7.3 

Total duration of group 2476<r. Total M. V. 197.42=7.9%. 

Group 6 : — No. of intervals =8. No. of judgments on each =16. 

Average length 400 290 530 224 198 228 557 588 

Mean variation 22.76 19.33 43.33 9.86 12 11.82 39.77 32.13 

%ofM. V 5.6 6.6 8.1 4.5 6 5.2 7.1 5.4 

Total duration of group 2616<r. Total M. V. 192.52=7.3%. 
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Group 6 :— No. of intervals =15. No. of judgments on each =7. 

Average length 403 312 178 706 391 313 177 654 188 

Mean variation 16.53 14.69 9.18 47.96 18.98 20.61 13.06 26.32 13.87 

%ofM. V 4.1 4.7 5.1 6.7 4.8 6.3 7.3 4.7 7.3 

Average length.... 317 175 403 414 424 661 
Mean variation. . . . 18.16 8.57 14.49 23.47 24.39 47.22 

°/oM. V 5.7 4.9 3.6 5.6 5.8 7.1 

Total duration of group 5625o-. Total M. V. 318.02=5.6%. 

To turn now to the results of the experiments. We have 
seen that in reproducing one uniform interval in a successive 
series, the average mean variation in the whole of K.'s judg- 
ments was about 4.1 per cent., and that there was not much 
deviation from this mean in intervals of different length (cf. 
Table in.)* In the present experiments, where instead of a 
series of reproductions of one interval of uniform length a series 
of groups of intervals of unequal length rhythmically arranged is 
reproduced, the average mean variation for all the groups and 
intervals is 4.2 per cent., which is only one-tenth per cent, 
greater than for the simple interval. Although there is some de- 
viation from this average in individual intervals, still in the 
averages for the whole groups the mean variation is very uniform. 
This is another illustration of a phenomenon noted by Pringle in 
experimental investigation of poetical metre, ^ where there was a 
distinct tendency to complete a defective line, so as to make a 
time unit for the respective lines in a stanza. The phenomenon 
in these experiments shows itself in the fact that although there 
is a deviation within a narrow limit among the individual 
intervals of the more complicated groups, there is very little 
deviation in the average mean variation of each complete group. 

The relation of the different lengths of intervals to one 
another throughout the judgments of the different groups is very 
constant, there being no distinct or regular falling off in the 
accuracy from the first reproduction of the group to the last. 
This is well illustrated in the detailed readings of the sheet on 
page 46, which is a fair average representative of the other sheets. 
There is if anything rather an increase in accuracy than a falling 
off; in the above sheet the last two reproductions of the group 
are a little more constant, and a little nearer the average, than 
the first two. We do not wish to infer from this that there is 

^The records of hit work are preserved in the archives of the Psychological Labor- 
atory, University of Toronto. 



61 [161] 

a constant increase in accuracy in the reproduction of the groups, 
but that within certain limits they are comparatively uniform. 

Referring again to the above sheet we find in the ten inter- 
vals four distinct types. The first is about 4400- in length, the 
second about 320o-» the third about 120a, and the fourth about 
2400-. The last interval in the group, averaging 7920-, is pro- 
bably in part composed of the pause at the end of the line, and 
thus it does not represent a definite length of note used in the 
composition. In the above four typical lengths of intervals, 
there is not the definite relation of one, a half, a fourth, and an 
eight, as in written musical compositions. The shortest interval, 
izoa, is about half of the next shortest, but it is not a third of 
the next, nor a fourth of the longest. The subject who made 
the judgments in the above sheet is neither a true musical artist, 
nor a mechanical musician who would be dominated by the 
measure written on the sheet of music before him, but one who 
thoroughly appreciates melody and rhythm. Our experiments 
do not justify any definite conclusion as to whether the relative 
lengths of intervals in musical rhythm, as represented in the 
interpretations of the true artist or of the appreciative repro- 
ducer, are the same as are represented on the written sheet. 
Such a conclusion would need the support of a special set of 
investigations. But the indications from our own experiments 
are that the relative length of musical notes in the production of 
a true musician is not in the exact ratio of one to a half, a quarter, 
an eighth, and so on. A further point illustrated by the above sheet 
is the indifference of the length of the interval to the pitch of the 
tones composing the melody. The intervals recorded on this 
sheet are intended to represent twenty intervals from the " Boc- 
caccio March ;*' the rhythm in the first ten is similar to that of 
the second ten, but the pitch of the tones is quite different. In 
the records the second group of ten is placed directly under the 
first, and in that order through all the judgments made ; there 
is no noticeable regular difference between the lengths of the 
intervals in the respective groups, notwithstanding the great 
difference of pitch. 

In the first two groups of the table, containing three intervals 
each, a mechanical auditory stimulation was used to give the 
subject the rhythm, but this stimulation ceased before he began 
to record. In the physical stimulation one interval was equal in 
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length to the sum of the other two, and it was repeated in a 
regular succession so that either short or long interval might 
come first. The judgments of K. in the first group come defi- 
nitely in the rhythm of the dactyl, i.e., the long interval comes 
first, retaining its relation as almost exactly equal to the sum 
of the other two, the second interval is lengthened at the 
expense of the third, being loa longer, and the third is the 
shortest. This is the normal relation of the intervals of the 
dactyl, the second interval being longer than the third, though 
the relative lengths be not quite those given above. ^ The 
second group does not fall quite so definitely into dactylic 
rhythm, since on the average the two shorter intervals are 
exactly equal, but in the individual judgments seven out of 
fourteen are in the dactylic rhythm and two have the two 
shorter intervals equal. So that with K. there is a marked 
tendency to throw groups of three intervals, one long and two 
short, into the rhythm of the dactylic poetic foot. 

The other Tables, viii. and ix., very generally confirm the 
tendencies noted in connection with Table vii., with the ex- 
ception of the last point, in reference to the dactylic form of the 
grouping of the three intervals. In regard to the comparative 
accuracy of the successive reproduction of the single uniform 
interval and of the groups of unequal rhythmically arranged 
intervals, with K. there was an average difference of one-tenth 
per cent, in favour of the accuracy of the judgment of the single 
interval ; the average percentage of the mean variation for the 
latter was 4.1 per cent., and for the groups 4.2 per cent. For 
W. the average difference is three-tenths per cent., being in the 
one case 4.4 per cent., and in the other 4.7 per cent. The differ- 
ence for observer B. is greater ; for the single interval his average 
was 4.8, and for the groups 5.8, But the work of B. was not so 
comprehensive as that of the other two subjects, either in the 
number of judgments made or in the scope of the intervals tested, 
so that his testimony is not so reliable as theirs. 

In the groups of three intervals, where one was equal in 
length to the sum of the other two, W.'s results differ from those 
of K. Instead of the dactylic rhythm, W. definitely relates them 
in the rhythm of the anapaestic foot. In the first group his 

^Ct Hunt and McKmy, Exp€riments an the Titru Relations of Poetical Metres^ 
infra. 
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judgments are iSi^, igScr and 4147, and in the second igio-, 
1970- and 3590-- In both cases the longer of the two shorter 
intervals comes before the longest instead of after. B. again in 
these groups reverts to the same order that was noted in K.'s 
judgments, but they are more pronounced in their dactylic 
rhythm than were his, since in both of B,'s groups the longer of 
the two shorter intervals comes after the longest, and is about 
20a longer than the shortest. What is involved for the question 
of poetic metre in this fact, that one subject hears a certain series 
of sounds in the order of the anapaest, and that another hears 
the same series in the order of a dactyl, we leave for a more ex- 
tended investigation of poetic rhythm. 

The results in the reproduction of these grouped intervals do 
not vary much in their testimony to the validity of Weber's law 
from the results of the previous series of experiments. With the 
interval represented by the sum of each of the groups, they are 
not quite so uniform in K.'s judgments as in the previous experi- 
ments. But, in spite of little irregularities, for the whole of the 
percentages of the mean variations of the eight groups of K.'s 
judgments, the mean variation is only 1.14. For the eight groups 
of W.'s judgments the figures are just as uniform as in his earlier 
experiments, the mean variation of the percentages of the eight 
groups being only 0.67. For B. it was a little larger, 1.12. In 
the individual intervals of the several groups of each subject there 
were some cases of irregularity which would seem to vary the 
testimony, but these are so few as to make it very probable that 
they have their source in some irregularity in recording the 
judgments, or in some slight confusion on the part of the subject. 
Generally the percentages of the mean variation for the different 
lengths of intervals in the groups vary little, the average length 
of deviation in many of them being less than one per cent. Thus 
in this series of experiments, as well as in the previous one, the 
results point quite definitely towards the validity in time estima- 
tion of the relation stated in Weber's law. 
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Lotze's statement that " the immediate experience of rhythm 
is as easy as its psychological explanation is difficult ", while true 
for rhythm in general, is doubly applicable to that province of 
rhythm which has to do with poetic metres. Nearly everybody 
when speaking or learning verses enjoys the rhythmic effect ; but 
like the balancing in tight-rope walking, bicycle riding, or even 
more ordinary periodic activities of the body, such as walking or 
running, we produce it and perceive it, but we do not know how it 
arises. This is partly due to the fact that, like the activities 
mentioned, poetic rhythm rests partly on reflex processes and is 
therefore excluded from direct psychological interpretation ; but 
also partly because the actual' facts are not sufficiently and un- 
ambiguously analyzed. Where attempts at scientific analysis are 
made, they are, as Prof. Meumann^ points out, by no means free 
from that unscientific transference of terms from one realm to 
another in which they are inadequate or have no meaning at all. 

We believe, with Professor Kirschmann, that a thing, a cir- 
cumstance, etc., is not known or defined until it is expressed in 
terms of simple states of consciousness. Thus, for instance, there 
is no determination of what metallic lustre really is until it has 
been shown what combinations of the five variables of which 
sensations of sight are capable (intensity, colour tone, saturation, 
time relations and space relations) must occur in order to pro- 
duce it. Similarly, according to Professor Kirschmann, the efforts 
of the phonetists graphically to trace the movements of the vocal 
organs must be regarded as comparatively futile or at least as by 
no means conclusive for the analysis of the elements of speech, 

^Pkilcsopkischt SitiduM, Vol. X., p. 266 
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since these mcvements are not the sounds heard, and the same 
sounds can, as in the case of the ventriloquist, be produced with- 
out such movements. What has to be analyzed is the perceived 
fact and not the means by which that is brought about, or the 
accompanying circumstances, which may be merely accessory. 

The same doctrine holds for the analysis of all rhythmical 
phenomena. Without reference to the genetical and physiologi- 
cal theories about the causes of rhythm, and without direct re- 
lation to the aesthetic concomitants, we should first make a purely 
psychological analysis of the rhythmical phenomena themselves. 
In the case of poetical rhythm, the analysis hitherto made has 
been most superficial and insufficient. The only work which dis- 
cusses the problem on a really scientific psychological basis is the 
excellent monograph of Professor Meumann.^ In it, he treats of 
the general problem of rhythm, and examines the various theories 
genetic, teleologic, and purely aesthetic. Dealing with poetic 
metres in spoken verse, he claims that the rhythm is not merely 
in the language but in the thoughts, and that the total effect is .^^ 
due to a modification of the verse rhythm by the thought rhvth m. /$ 
This statement does not seem to be adequate, as in nearly all cases ^^^ 
of spoken verse the verse rhythm gives way entirely to the thought 
rhythm. He says — '* Regular scansion of verses is offensive be- 
cause it accentuates the insignificant as well as the significant. '' 
While this is true for the reading *of verses, yet the regular scan- 
sion is of the utmost importance as a mechanical guide to the 
construction of the verse, and it is only by such scansion that the 
time relations obtaining within the verse can be determined 
It is just in this field that the problem of time relations of poet- 
ical metres lies; and by an experimental examination of the 
scanned verse many of the underlying principles of poetic metres 
may be discovered. 

Much of a theoretical nature has been written in regard to 
the time element in metre. Lanier' claims that the ** long " 
and ** short " units employed in classic poetry are inadequate to 
account for all the variations of time relations in the different 
metres, and he substitutes a notation based upon the musical 
Dotation. " The poet, after having clearly indicated this normal 
time value of each bar, may then go on to vary the individual 

^Phil§s§^iscke ShuNm^ Vol. X., p. ^49 ff and p. 393 £ 
*Sfumt ^fSngiisk F$rsg, Chap. III. 
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time valaes of the constituents in any given bar at pleasure . . 
. . . When the poet selects, e.g., the two words ** wistfully 
wandering" to begin his verse, he does exactly what the 
musician does in writing the figures f at the beginning of a 
strain .... both announce to the reader (of the poem or 
of music) that the normal time value of each bar in that strain 
(of music or of verse) is to be three-eighth notes, with the first 
of each three accented.*' But the musician, having made this an- 
nouncement, is at perfect liberty to vary the arrangement of 
that f interval in as many ways as the nature of musical notes 
will permit. So also with the poet. His foot may be the iambus, 
i.e., a I measure, but he is at liberty to make that foot up of an 
eight hand a quarter syllable, or of three eighth syllables, or of two 
eighths and two sixteenths, etc. While this is a most ingenious 
theory, and one which might seem to simplify the subject of 
metres, it is unfortunately far from being due to the facts of the 
case. No doubt " long " and '' short *' units of measurement, in 
the relation of two to one, are not sufficient to account for the 
different time relations in English metres ; but it is not true, as 
the results given below prove, that any such regular relations as 
that claimed in the above theory obtain among the different 
syllables which constitute feet in English metres. T. L. Bol- 
ton,^ in his admirable discussion of the general subject of 
rhythm, devotes some space to the discussion of poetic metres, 
more especially from the theoretical standpoint, having reference 
principally to the origin of metre and its general relation to the 
verse. He emphasizes the importance of the time element in 
poetry. " Poetry has never lost*the time element entirely, for 
accents that occur at irregular intervals could not have been but 
very displeasing, and they are now. It is reported of some of 
our modern poets, and especially of Tennyson, that they read 
their poems with the strictest observance, not only of the 
accents, but of the time; showing that they regarded the time 
element as of great importance." Bolton, however, does not 
attempt to investigate experimentally any of the problems which 
have to do directly with poetic metres. L. A. Schurman* has 
investigated the rhythmic relations of sentences in the prose 
writings of different authors, and he concludes that the length of 

^Am§ricaH fommmi9fPtyek»Ufy^ Vol. VI., p. 145. 
^UnimrsUy Stmdus^ Nikrmskm Universiiy, Vol. I. 
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sentences in prose does not deviate from an average ; but the 
only attempt which has so far been made to investigate scien- 
tifically the different phases of poetic metres is that of Briicke^ 
described by Prof. Meumann in the article referred to above. 

Briicke's experiments investigated time relations only. They 
were made on the old form of the chronograph. In his first set 
of trials, intervals were registered by beating the rhythm with 
the finger on a pointer which registered on the smoked surface ; 
in the second, by means of a lever attached to the lower lip or 
the teeth. His conclusion is that, roughly speaking, the arses 
occur at equal distances, i.e., that the feet in any given verse are 
almost equal. Meumann^ points out that this form of the 
chronograph recorded only large intervals, and, therefore, was 
inadequate to such an investigation. With reference to the 
second form of the experiment a further objection holds. The 
results attained could have no direct bearing on the problem, as 
the phenomenon to be investigated was the rhythmic succession 
of sounds, not the movements supposed to produce it, as pointed 
out above, which might be merely accessory to it. 

A modified form of Briicke's first method is, we believe, the 
correct one. By means of the improved form of the chronograph, 
described in the article of Messrs. Shaw and Wrinch, which 
allows of easy distinctions of at least one two-hundredths of a 
second, a series of experiments, bearing on the problem, has 
been conducted during the past two academic years in the psy- 
chological laboratory of the University of Toronto. Briicke 
measured from arsis to arsis, obviously having no other mark 
than the crests of his wave-likft records, whilst in ours the begin- 
ning of each rhythmical reaction is sharply marked by an abrupt 
departure from the abscissa line. The series was begun by G. 
C. F. Pringle, B.A., and continued throughout the year 1897-98. 
Mr. Prmgle's results, together with those which we have ob- 
tained during 1898-99, are embodied in this paper. The work 
has been done under the supervision of Professor Kirschmann, 
from whom we have obtained much valuable assistance. We 
are also indebted to Professor Alexander for interest manifested 
and suggestions made during the progress of the work. 

^Briicke's own works were not accessible to the writer. 
^Philotophiscke Studien^ Vol. X.,p. 419. 
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It must be borne in mind that the problem which we have 
attempted to investigate has less to do with recited verse 
than with poetic metre considered as a regulative principle 
in the construction of the verse. Various theories have been 
advanced as to what is the main factor in poetic metres. 
Guest ^ takes no account of feet or measures of English verse, 
but lays great stress on accent. The character of the verse is 
determined, in his view, by the regular succession of accents. 
He recognizes three classes of lines, those that begin with an 
accented syllable, those that begin with one unaccented syllable, 
and those that begin with two unaccented syllables. He also 
recognizes varieties in these. If the line beginning with the 
accented syllable consists of a regular recurrence of accented and 
unaccented syllables, it constitutes one variety ; if, however, two 
unaccented syllables occur between the accented syllables there 
are two different varieties, according as the two unaccented 
occur between the first and second accented syllables, or between 
the second and third, and so on throughout the line. This is 
nothing more than describing in a roundabout way the regular 
iambic, trochaic, dactylic and anapaestic feet from the point of 
view of accent only. For the line beginning with an accented 
syllable and consisting of a regular succession of accented 
and unaccented feet is nothing more than a series of trochees ; 
so also the line beginning with an accented syllable and followed 
by two unaccented syllables, is nothing more than a line of 
dactyls, and that beginning with two unaccented syllables 
followed by an accented syllable, is an anapaestic line. As far as 
the accents are concerned, this is a correct description of the 
various metres ; but we see no reason why the term feet should not 
be used, as the description which he gives of the line implies just 
such groups of syllables as are ordinarily classed under the term 
" feet." But, in so far as this description implies that the time 
relations of the different syllables play no part in the structure of 
the line, our results show it to be erroneous. 

Gummere* says : ** In the Germanic languages and in nearly 
all modern poetry, accent is made the principle of verse ; we 
weigh our syllables ; we ask how much force, not how much time 

*Sec BoUod's article, American fournal of Psychology^ Vol. VI,, p. 145, and 
Gaest's History of English Rhythms, p. 108, etc 
* Hemdhook of Poetics, p. 137. 
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they require. Meanwhile, we do not utterly refuse to recognize 
quantity as an element of verse, nor was classic poetry unfamil- 
iar with accent. In the latter an ' ictus ' or stress fell upon the 
lon^ syllable ; in modern verse, while the main principle is the 
alternation of heavy and light syllables, we nevertheless admit 
quantity as a ' regulative ' element. It is a secondary factor of 
verse Accent, then, is the chief factor of mo- 
dern verse. *' He thus makes the time element secondary to 
that of accent, which he believes to be the main factor in modern 
verse. While this may seem to be true for spoken verse, it must 
be borne in mind that both the time and accentual rhythm are, 
to a great extent, ignored in reading verses for the sense alone, 
rhythmic effects being then largely due to the thought. Lotze 
has even said that time plays no rdle at all in the rhythm of verse. 
In metre, considered merely as a regulative principle, as in a 
scanned line, we believe with Meumann that time and accent 
each plays a leading part, and that to a certain extent each can 
replace the other. 

Our experiments, as stated above, had to do only with the 
time relations in the scanned verse and were conducted as fol- 
lows : — 

I. — Poems representing each of the four ordinary metres 
(dactyl, anapaest, trochee, and iambus) were recited, rhythm 
being marked by the reciter striking the pointer of the chrono- 
graph in unison with the rhythm of the lines read ; this recorded 
the lengths of the various syllables on the smoked paper of the 
cylinder. The poems in every case were scanned, not read in 
the ordinary manner, and were repeated inaudibly by the operator. 

II. — The different metres were marked empty, t. e. without 
words being thought or said, attention being given to the regu- 
larity of the rhythm alone. 

The following poems and parts of poems were examined : 
I. Dactylic — 

(a) Scott's Pibroch of Donnel Dhu, second stanza, first 

four lines. 

(b) Ibid, first stanza, complete. 

(c) Scott's '' Hail to the Chief who in triumph ad- 

vances. " 

(d) Hood's " One More Unfortunate, ** first two lines. 

(e) Pibroch of Donnel Dhu, fifth stanza, first four lines. 
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(0 Boat-song in Scott's Lady of the Lake, first stanza, 

second, third and fourth lines, 
(g) Pibroch of Dotmel Dhu, fifth stanza, complete, 
(h) '* Down from the mountain and up from the 

plain." 
(i) Pibroch of Donnel Dhu, fourth stanza, first six lines, 
(j) ** Merrily, merrily shall I live now." 
(k) " Over the river and over the Dee." 
II. Anapaestic — 

(a) '' And a single small cottage, a nest like a dove's, 
The one only dwelling on earth that she loves." 

(Wordsworth's Reverie of Poor Susan.) 

(b) Wordsworth's Reverie of Poor Susan, first stanza. 

(c) " From the centre all round to the sea, 

I am lord of the fowl and the brute." 

(Cowper's Alexander Selkirk.) 

(d) Moore's " In the morning of life," first stanza. 

(e) '* And the stream will not flow and the hill will not 

rise. 
And the colours have all passed away from her 
eyes." 

(f) Poe's Annabel Lee, first stanza. 

(g) **In the calm of the noontide, in sorrow's dread 

hour." 
(h) " In a coign of a cliff between lowland and high." 
III. Trochaic — 

(a) ** Ave Maria, maiden mild. 

Listen to a maiden's prayer ; 
Thou canst hear though from the wild. 
Thou canst help amid despair." 

(Scott's Lady of the Lake,) 

(b) Tennyson's Ode to Queen Victoria, beginning 

" Fifty times the rose has flowered and faded, 
Fifty times the golden harvest fallen 
Since our Queen assumed the globe and sceptre." 

(c) First three stanzas of LocksUy Hall. 
IV. Iambic — 

(a) Scott's Lord of the hies. Canto II., stanza 30. 

(b) " The way was long, the wind was cold, 

The minstrel was infirm and old." 

(Scott's Lay of the Last Minstrel.) 
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Records on these selections were made as described above 
by Professor Kirschmann, Professor Alexander, Messrs. G. C. F. 
Pringle, B.A., F. S. Wrinch, M.A., G. A. Kingston, W. A. Wil- 
son, A. S. Hurst, and J. McKay. The operator was asked to 
scan' the selections, recording the regular rhythm, as well as any 
irregularities which might occur. In nearly all the cases the 
words were placed above their corresponding time indications in 
the records, with the result shown that not only all syllables 
which fell into the regular metrical arrangement, but also any 
which were irregular were recorded. Thus it was demonstrated 
that the operator actually followed the movement of the verse 
and was not led away by the bare rhythm. The following 
example will serve as an illustration : 

come from deep glen and from moun-tain so rock - y. 
34 i8 17 334 17 i6 3* i8 i7i 27i a8i 

The length of the last syllable of the line is due to the end pause, 
which is recorded along with the regular length of the syllable. 
Whatever pauses occurred in any of the lines employed were 
similarly recorded. 

In each record, not less than ten feet, and in a great many 
instances twenty or more, were marked. These were then added 
together, the mean variation and relative percentages were cal- 
culated, and from the results the tables which are appended to 
this article were prepared. The tables are almost self-explana- 
tory. The average feet are expressed in hundredths of a second, 
the number of feet recorded in each trial, the selection on which 
they were made, and the name of the operator are given. Many 
more records were made than appear in the tables ; those which 
presented great irregularities and those m which the mean varia- 
tion was too large were rejected. 

In the selection of verses, it was found very difficult to get 
good dactylic lines ; since there is an exceedingly small number 
of pure dactyls in English, and where dactylic verses do occur, 
they present many irregularities. The same thing was noticed 
about trochaic verses. Both dactylic and trochaic metres seem 
to be almost entirely confined to stirring pieces with rapid move- 
ment, such as Scott's war songs, etc. It was also found that in 
following a dactylic or trochaic movement, even when the selec- 

^By scansion is meant reading so as to pay attention only to the rhythm. 
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tion given presented few irregularities, the operator frequently 
dropped into irregular forms, but in anapaestic and iambic move- 
ments it was very rarely that any such deviations occurred. 
This would seem to be due to the fact that the quieter states of 
consciousness may last for almost indefinite intervals, whereas the 
more intense states can be maintained only for a short time, and 
the dactylic movements representing such states are therefore not 
suited to being continued for any considerable time. Iambic 
and anapaestic metres are therefore better adapted to the more 
lengthy forms of poetry (especially dramatic), while dactylic and 
trochaic verses are suited only to poems in which a rousing, stir- 
ring effect with rapid movement is desired. 

It is always claimed that there are no amphibrachic measures 
in the Germanic languages. Professor Kirschmann, neverthe- 
less, has directed our attention to the fact that the celebrated 
ballad of Btirger, " Der Kaiser uhd der Abt," is of the purest 
amphibrachic metre, the thought rhythm and the metric rhythm 
faultlessly coinciding. If we accept this view and do not regard 
the poem, as is usually done, as written in dactyls with an up 
beat, then the stanza would take the following form : 



In order to ascertain the actual time relations of the metre of 
this peculiar poem a few trials were made in the same manner as 
above, the operator marking time with the finger, and at the 
same time reciting the poem, in this case aloud. The result is 
very peculiar. There is almost no indication of long and short 
syllables, save that a tendency is shown to speak the accented 
syllable a little shorter than the others. It would seem that 
accentuation, i.e., pitch and intensity, alone makes up the rhythm 
here. The following are the time values of one stanza : 

35» 3ii. 37» 33*. 33. 33. 3i. 34. 35. 33. 32. 36*. 

33. 30, 33*. 35. 33. 37. 35. 35. 39. 33*. 3i*. 37. 

34. 30, 36, 34. 36, 37. 36, 33. 33. 33. 58*. 
33*. 36, 35. 36*. 31. 35. 34*. 3i. 32. 34. 7i- 

The average of two records made by Professor Kirschmann on 
the above selection, in each of which the entire stanza was 
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repeated twice, giving twenty-eight three-syllable groups, was as 
follows : 

I- 33-732. 32-357. 33-714. *-^-. i : -9692 : 9994- 
II, 31.72, 29.8, 31.84, ue., I : .9394 : 1.0037. 

We now come to the conclusions suggested by our results. 

I. In any given verse, other things being equal, there is, 
roughly speaking, a uniform length of foot ; this is a confirmation 
of Briicke's conclusion quoted above. A good illustration is 
supplied by the following selection from a record made by Pro- 
fessor Kirschmann on the first two lines of Wordsworth's 
" Reverie of Poor Susan " : 

22, 23, 39—21. 23, 42.5—20.5, 22, 39—20.5. 21, 40— 
19, 20, 43.5—20, 20, 41— 21.5, 21.5, 43—18.5, 20.5, 45. 

Expressing each foot as a total the line would appear as fol- 
lows : 84 — 86.5 — 81.5 — 81.5 — 82.5 — 81 — 86 — 84, or the following 
percentages: i — 1.029 — .9702 — .9702 — .9821 — .9642 — 1.0238 — i. 
The mean variation of the eight feet is 1.75. When it is remem- 
bered that this means 1.75 hundredths of a second, or .0175 of a 
second, it will be seen that the average deviation from the regu- 
lar foot length is exceedingly small. This result was confirmed 
' ^ ^ ^\^m^^ throughout all our records, not only in those which appear in the 

X^* following tables but in those also which were rejected, nearly one 

thousand different feet in all being represented. 
^^ II. The dactylic foot tends to be shorter than the anapaestic 

and the trochaic than the iambic. Owing to the stirring nature 
of the dactylic and trochaic metre? the movement is more rapid, 
and consequently the foot interval becomes shorter. For ex- 
ample, the first five results by McKay in Table A, being added, 
give the following foot intervals: 85.625 — 86 — 88.35 — 92.20 — 
81.55, or an average foot of 86.745 i^ ^^^ anapaestic movement. 
Comparing with these the first five records by the same operator 
in Table B, we find the foot lengths for the dactylic movement to 
be: 81.35 — 89.5 — 83.9 — 86.2 — 83.6, or an average of 84.91. In 
Table C, the first five iambic foot records give, when added, the 
following results : 59.95 — 64.55 — 62 — 64.7 — 63.5, or an average 
iambic foot of 62.91. Corresponding figures for Table D, simi- 
larly treated, are : 67.35 — 61.5 — 57 — 52^-63.5, making the aver- 
age trochaic foot to be 60.2. 
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This conclusion is further corroborated by reference to Tables 
E and F, which are records of pure metre. The first four results 
in Table E obtained by Hurst show the following foot intervals : 
72.4 — 60.1 — 71.6 — 78.7, an average for the pure metre dactyl of 
70.7. In Table F the first four results of the same operator give 
the figures 77.7 — 73.25 — 68.55 — 80.7. an average of 75.05 for the 
pure metre anapaest. Our results thus show conclusively that the 
average anapaest is longer than the dactyl, and the average iam- 
bus longer than the trochee. 

III. A result was noticed in reference to the relation of pure 
and filled metres (i.c., metres recorded simply as metres, and 
those recorded while scanning a line), which, while it does not 
appear from the tables, was yet very apparent in the preparation 
of the records. It seemed to be much more difficult to record a 
pure metre than one made by scanning a line of poetry, and very 
many of the results obtained had to be rejected because of their 
lack of any regularity. This goes to show that the qons cious 
attempt to produce metre with the mind fixe^ on »h#> rhyflinn 
alone is much less successful than the production of it when t he 
attention is fixed on thp rpgnlar rffrnrrp pceof rhyt hmir, ii^ tfrvaU 
This would seem in itself a sufficient refutation of Lotze's con- 
tention quoted above, that time plays no part in poetic rhythms ; 
for it shows that the most favourably method f^ r p y ^ ^irinpr 
regular rhyth m i cal effects is by the recurrence of pni»c^ t^anh 
possessing a temporal value, and it is only ^hen (^.aj^\i of these 
units is consciously present that any sort of regular rhy thmic 
effect is easily produce d. Even when an attempt is made to 
produce any of the ordinary poetic metres without any line in 
mind, the beats of the finger on the pointer take on the nature of 
the temporal units which are given to be reproduced in the case 
of a scanned line ; and our results indicate that it is only when 
there is a mental picture of each of these temporal units and 
their relations to one another in the group we call a foot that 
anything like a regular result is produced. 

IV. On reference to Guest's description of verses quoted 
above, it will be seen that the criticism there made is substanti- 
ated by our results. More is implied in a poetic line than a 
mere succession of accented and unaccented syllables, however 
large a part this may play. The general results tabulated below 
show that real temporal differences exist among the diflTerent 
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syllables constituting a line, which, although partly accounted for 
by the unconscious effect of the accent on the recording of the 
syllable, yet are not wholly explained thereby. Furthermore, it 
is also shown by these results that certain groups of syllables 
form organic wholes, the parts of which exercise a marked in- 
fluence on each other. These groups are what we are accustomed 
to call feet. This will be still better shown by taking a typical 
line from one of the records. The line " And the stream will 
not flow and the hills will not rise,*' the first part of II (e) above, 
give the following result : 

i8, 20, 30^20, 20, 39 — igi^, 20, 38 — 20, 22, 42. 

It will be easily seen that it is not a sufficient description of 
this line to say that it is a line beginning with two unaccented 
syllables, followed by an accented syllable, and so on through- 
out the line ; for the syllables plainly fall into groups of three, 
bound together not merely by the accent but by temporal rela- 
tions. Thus, it will be observed that the second syllable is 
longer than the first, the three forming a kind of scale, beginning 
with the first syllable and gradually ascending to the concluding 
long syllable. So also the temporal difference between the 
accented and unaccented syllables cannot be adequately described 
without noting the part played by time in the line. 

V. Lanier, as indicated above, makes time the basis of 
rhythm, but uses a kind of notation corresponding to musical 
notation, in which he gives certain fixed relations to the elements 
constituting a foot, but results do not show any such regularity 
of relation among the syllables of a foot. We are warranted m 
making the general statement that an iambus consists of a short 
syllable followed a long, a trochee of a long followed by a short, 
a dactyl of a long followed by two short syllables, and an anapaest 
of two shorts followed by a long, yet with no fixed proportions 
between the syllables. In the iambi of Table C, the syllables 
are seen to have a proportion of about i : 2, and in the trochaic 
Table D of i to a little less than 1.5. The anapaests in Table A 
are about 1:1.1:2, and the dactyls in Table B about 1.6 : i.i : i. 
These are averages of a large number of results, and the propor- 
tions of the syllables to one another admit of a wide range of 
variation without destruction of the essential character of the 
metre. Great flexibility is thereby given to these metres in 
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English, and a great variety of words of slightly different time 
values may be used. It is only when the proportions of th ese 
syllables to one another are reversed t^iat an nnp| ^^« ^ant effec t 
occurs and the metre is vitiated . For example, in the above 
figures given for anapaest and dactyl, if the second short syllable 
were to be interchanged with the first, thus : 

dactyl 1.6 : i : i.i. 
anapaest i.i : i : 2. 

then the anapaestic or dactylic character of the respective feet *^"^ •^•t ^^ - ^ 

would be lost. This is illustrated by one or two of the results 
embodied in Tables A and B. 

VI. The question is raised by Bolton^, " What is the inher- 
ent nature of a group in a rhythmical series, or what is the rela- 
tion of the different syllables to one another, and what determines 
the length of it ? " but he makes no attempt to answer it. 
Meumann says^ : " Dactylic lines may be read with anapaestic 
movements and vice versa," implying that there is no essential 
difference between a dactylic and an anapaestic line, excepting 
the fact that the dactylic line happens to begin with an accented 
syllable. Tables A and B show that it is by no means true that 
the only difference between the anapaestic and dactylic foot is 
the fact that the anapaestic has the accent and long syllable at 
the close and the dactylic at the beginning. There is a real 
internal difference in the foot. The anapaestic foot begins with 
two short syllables (the second of which is in every case longer 
than the first), followed by a long syllable ; the dactylic begins 
with a long syllable followed by two short ones, the first of which 
is longer than the second. Compare the line " Hail to the chief 
who in triumph advances," which gives the following results : 

41, 21, i8j — 40, 21J, 20—37, 22^, 17—51 

with the anapaestic line ** And the moon never beams without 
bringing me dreams," which gives : 

i6h 21, 43— 16J, 20, 44— 17» 22, 45— i7i. iQi 43- 
If, now, a dactylic line differs from an anapaestic only in 
beginning with a long accented syllable, should this syllable be 
read alone, the rest of the movement will be the same as in the 

^Anuricanfoumal of Psychology y Vol. VI., p. 173. 
^PhU. Studun, Vol. X., p. 416. 
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regular anapaestic line. Applying this to the above dactylic 
line we see that the movement is entirely different from that of 
the corresponding line of anapaests. 

(41) 21, i8i, 40— 2ii, 20, 37— 22^, I7» 51— 
i6i, 21, 43—16^, 20, 44— 17» 22, 45, etc. 

If we mark the shortest syllable (a), the second in length (b), 
and the long one (c), the changed dactylic verse here would give 
us a series : 

bac, bac, bac, etc., 

while the regular anapaestic line is represented by the series : 

abc, abc, abc, etc. 

From this it is obvious that there is a real difference between a 
dactylic and an anapaestic line, a dactylic foot, according to the 
above notation, being represented by ** cba " and an anapaestic 
by " abc." In each case the syllables seem to form an intercon- 
nected group, the determining factor in each being the long 
accented syllable (c). In the anapaest the first syllable is (a) and 
the second is (b), the latter being lengthened out by its proximity 
to the long accented syllable (c) ; in the dactyl, the last syll- 
able is (a) and the first short syllable is (b), it also coming under 
the lengthening influence of (c). The anapaestic foot is a group 
in an ascending order of importance, the dactylic in a descend- 
ing. This, so far as anapaestic and dactylic measures are con- 
cerned, answers the question asked above as to the inherent 
nature of the groups and the relation of the different syllables to 
one another. As the anapaestic and dactylic feet lend them- 
selves better to experiment for this purpose, more time has been 
spent on their investigation than on the trochaic and iambic 
measures, and a larger number of trials made. 

The differences are not so marked in the case of the iambic 
and trochaic metres, but Tables C and D seem to indicate the 
following differences : 

(i) The foot in the iambic metre tends to be longer than 
in the trochaic, for the reason mentioned above, viz., the stirring, 
tripping nature of the trochee, as its name indicates. 

(2) The proportion of the short syllable to the long in 
iambic metres is less than in trochaic, in the tables given the 
relation being about i : 2 for the iambus and about i : 1.5 for the 
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trochee. This is due to the nature of the foot. The foot 
beginning with an unaccented syllable and gradually rising into 
the accented syllable tends to prolong the latter, whereas the 
foot beginning with the accent tends to hurry over the accented 
syllable and complete the group, thus making the accented syll- 
able in the trochee shorter in relation to the unaccented than is 
the case in the iambus. 

VII. The notation commonly in use for the expression of 
the syllabic relations of anapaestic and dactylic feet is ^ ^ — 
and — ^ ^, indicating that the anapaestic foot consists of two 
short syllables, with no essential difference, followed by a long 
accented syllable, and the dactyl of a long syllable followed by 
two short syllables, between which also there is no essential dif- 
ference. The results reached above would show that this nota- 
tion is defective, and if the true nature of the foot is to be indi- 
cated some other notation must be adopted. As it is essential 
to any such notation that it should be simple and easily written, 
we suggest that the following notation, which indicates the differ- 
ence in the short syllables and is as simple and easily written as 
the old, should be adopted, viz. : 

anapaest : ^ ^ — . 
dactyl : — -^ ^. 

No change in the notation used for iambic and trochaic feet is 
advisable, as such notation is only of value to indicate relations 
within the foot and not absolute values, and this purpose is 
amply served by the notation now in use. 

VIII. For the disputed amphibrachic metre the time rela- 
tion seems to play a very unimportant part, the rhythm depending 
on accentuation alone. However, the experiments which we are 
able to contribute to this special division of the problem are not 
numerous and varied enough to warrant any definite conclusion. 
We have rather embodied them with our results as an incentive 
to further investigation. 
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CONCEPTIONS AND LAWS 
IN AESTHETIC 

BY 
A. KIRSCHMANN, PH.D. 



CONCEPTIONS AND LAWS IN ;€STHETIC 



I once lived in a house where they had a dog, a cat and a parrot. 
The three ate from the same plate, but the parrot had a certain 
superiority because he could speak, and indeed speak well. One 
evening, when the parrot had already finished his meal and was 
swinging on his trapeze, the cat and the dog quarrelled over the milk, 
which still half filled the wooden dish from which they ate. " Tom," 
resorting to an active attack, jumped with his fore feet upon the edge 
of the wooden vessel, which, having a round bottom, upset and tiirew 
the milk all over him, whereupon he quickly withdrew much 
humiliated- The parrot, immediately aware of the comical incident, 
set up a hearty and prolonged laugh, just like a man's, and did not 
cease till everybody in the house had joined in. 

I must beg the render's pardon for beginning a scientific article 
with an anecdote, which indeed I should scarcely have kept in mind, 
had the occurrence not been succeeded by a rather animated debate 
among those who joined in the parrot's laughter, as to whether the 
parrot had really laughed. Most of the company claimed that the 
parrot, being only a brute, could not laugh, i.e., really enjoy the funny 
side of the occurrence. His endeavour to imitate the sounds of 
human beings led him in this case also to repeat the noise which he 
had heard on similar occasions. But if the explanation is correct, why 
did the parrot imitate this peculiar noise just when something laugh- 
able had happened? This parrot laughed but seldom, and had never 
been known to laugh so heartily as on the occasion in question. What 
criterion did the parrot use for associating a certain physical action, 
laughter, with certain events, if not the funny side of them? More- 
over, is there anything more than a difference of degree between a 
parrot and a child, or even a grown-up person, in this respect? Does 
the parrot in calling " Polly wants a cracker " act in any way differ- 
ently from the child, who says, "Mamma, Jimmie wants a candy?" 
Both, on account of certain experiences, repeat certain words which 
they have heard and which they believe effective in attaining a certain 
end. It is plain imitation in both cases. We have no right to regard 
the intellectual powers which precede and accompany the parrot's 
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speaking and laughing as something essentially different from the 
intelligence of man when performing the same actions. 

At the hase of all ordinary intellectual activity of man lies 
imitation, imitation of one's self (hahit) and imitation of others (good 
example, influence, etc.) All our conclusions by induction,^ our in- 
ferences according to analogy and utility, do not spring merely from 
our desire for truth, but have some other motive besides. Since it is 
obviously the same with the animals, we are thus far only different in 
degree from them. In so far as our thoughts and actions spring from 
habit and imitation and from the application of principles which do 
not carry absolute certainty with them, we are nothing but animals, 
perhaps the highest. Only when we do our actions and decide our 
problems with no desire for pleasure or advantage other than .that 
which is inherent in truth itself, only when we, without wavering and 
flinching, follow that divine *^word" of truth in us, that spark of 
godlikeness with which we are endowed, are we something essentially 
different from other animals. It must be understood, that I do not 
wish to say that seeking pleasure, acting according to the principle of 
utility and arguing by analogy and induction are matters low and 
sinful; but I emphatically hold that stating inferences drawn by 
analogy or induction, as if they carried absolute certainty with them, 
or acting according to the principle of utility with the pretence of 
aiming purely at truth is something very low and that it is extremely 
sinful to seek the agreeable at the expense of truth. 

But the reader will ask. Who does such wicked deeds and who 
thinks so untruthfully? And we must answer, We all do so, we have 
become accustomed thereto through a training of thousands of year?. 
We do so not only in daily life, in superficial conversation, but even 
in our scientific research. We state as certain, as absolutely true, not 
always what we have experienced, or what we can prove, but very 
often simply what we wish to be true. Sometimes even when we are 
solving a mathematical problem, at some point we represent to our- 
selves or to others a proposition as certain (although we do not know 
it as certain, but we wish it to be go at that moment), which is not 
certain or is even false; and then we say afterwards that we made '' a 
mistake.'* At the base of all errors is a lie. If we never stated any- 
thing as absolutely certain which is not certain there could never arise 
an error, either in common life, or in science, philosophy or religion. 

^ Of ooorse incomplete indaotion, for oomplete indaction ia deduction. 
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Nature (i.e., the immediately given events in our consciousness, per- 
ceptions, emotions, etc.) never deceives us; it is always our wilful in- 
terpretation which leads us astray. If the traveller in the desert sees 
a mirage and, approaching, is disappointed when it vanishes, who 
deceives him? Not nature, not his senses, for they did not tell him 
more than that certain parts of his field of vision were occupied by 
sensations of such and such a colour, shape, intensity, etc. But he in- 
fers: On former occasions when I had similar perceptions, I found, 
when approaching, an oasis with refreshing shade and water; since it 
has been so ten times, or fifty or a hundred times, it must be so 
always, and therefore this time also. But to such a conclusion he has 
not the slightest right. He only is entitled to say: It may be so, I believe 
it is so, but it may be otherwise. All our judgments by analogy and our 
conclusions by induction are of this nature. Thus, all our statements 
of causal connections partake of this imtruthfulness. We attribute 
absolute necessity to causation, although we gain our alleged know- 
ledge about causal connection by induction. In so far as such con- 
nection can be reduced to geometrical laws, they possess absolute 
certainty. Everything beyond is based on belief. 

But not only in our completed propositions, in our statements in 
ordinary life and often im scientific procedure do we let the wish be 
the father of what we coin as " thought," but we are guilty of the 
same untruthfulness already in the formation of the conceptions and 
distinctions which underlie these propositions. We use a term and 
make our hearers or readers believe that a sharply outlined, well de- 
fined conception corresponds to it in our mind, and we make distinc- 
tions with the silent pretension that they are founded in the very 
nature of things. But in nine out of ten cases we have never accur.- 
ately defined the term or thoroughly examined the distinction as to its 
legitimacy. We have simply repeated them as we heard them from 
others. We have just done what the parrot does. Perhaps we have done 
worse; for the parrot in his utterances is always very concrete and we 
can easily guess what he wants; he expresses his desire without pre- 
tending that his utterances are " knowledge, certainty," as we do. 

Whenever we use words without having a clear conception of their 
meaning, or distinctions whose claim for legitimacy we have not 
thoroughly examined, we deceive ourselves and others. A great num- 
ber of our most cherished ethical and religious ideas belong to this 
category. People have become accustomed to certain words and dis- 
tinctions; they have adopted them without ever examining them as to 
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their inner truth. They love them, and everybody is a heretic who 
does not do the same. Do these people ever think what will be left 
of such " ideas " when all words are taken away? How much of our 
religious ideas and convictions shall we be able to present to the Divine 
Judge, if he does not speak to us in any earthly language, English, 
or French, or German? 

When does a word really stand for a conception? It does so when, 
in the mind of him who uses it, it represents a simple fact or relation, 
i,e,, an ultimate element of consciousness, or when he can define its 
meaning in terms of such simple elements. There are two kinds of 
ultimate facts, i.e., of absolutely simple elements of consciousness. 
When we analyze our complicated experiences we arrive at last at 
elements which could not possibly be analyzed further, as for instance 
the quality red. These elementary facts have absolute but only 
assertive certainty; they are so, but they might be otherwise. If we 
analyze the relation in which these elementary qualities (sense-quali- 
ties, emotional elements, elements of memory images, etc.) stand, we 
arrive at last at elementary relations of an axiomatic character. They 
are the axioms of geometry. They possess absolute, apodeictic certain- 
ty, i.e., they are so and could never and nowhere be otherwise. Nothing 
is absolutely certain unless it consists of such assertive and apodeictic 
elementary facts or can he derived from them by means of the applicc^ 
{ion of the apodeictic facts. It is therefore the first duty of every science 
to analyze its material till it reaches the ultimate elements. There 
are only two branches of human knowledge which have fulfilled this 
condition to some degree, mathematics and psychology. In mathe- 
matics every proposition is directly or indirectly derived from or 
reducible to elementary axioms, whose apodeictic certainty cannot 
possibly be denied. Modem psychology has in its analysis of the 
sense-perceptions in many cases really reached the very elements, and 
in spite of the spreading tendency to explain every thing psychical 
physiologically {i.e., to explain the simple and directly given by the 
complicated and inferred), there have been some attempts really to 
start with ultimate facts. None of the other sciences in our days have 
advanced so far with their analysis. They start from assertions, which 
have not the criterion of absolute certainty. That nevertheless some 
of them have succeeded in building up universally acknowledged 
systems, e.g., physics or astronomy, is due to their conscientious appli- 
cation of the apodeictic facts, i.e., the mathematical laws. They form 
their propositions in such a manner as to require only slight modifica- 
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tions, even if the first presuppositions from which they started should 
prove to be partially or totally wrong. Further, they push back all 
uncertainties and contradictions into a few conceptions such as 
matter, atom, uniformity of nature, etc., which are kept in the back- 
ground of discussion. The law of gravity is, so to speak, independent 
of any special atomic or dynamic theory, and the wave-theory of light 
will be the more correct, the more it emancipates itself from all special 
theories of matter and ether. 

It must be noticed here that the elements arrived at by psycho- 
logical and mathematical analysis are final, whilst the elements of any 
other science are so only when they prove at last identical with the 
psychical elements. The progressive period of chemistry commenced 
from the moment when it condescended to a true and thorough 
analysis. But it has not yet arrived at final elements. The chemical 
constitution of a substance is knoum only when it can be expressed in 
terms of chemical elements. But the seventy elements of modem 
chemistry are by no means necessarily ultimate. With a deeper in- 
sight they might be proved to be modifications of a smaller number 
of elements; and such coming knowledge, of which there are already 
indications, might revolutionize the whole of chemistry again. On 
the other hand the elements of the psychological and mathematical ^ 
analysis, (e.g. the quality red, or the axiomatic intuition that the straight 
line is the shortest distance between two points), no matter how com- 
plicated their designation or expression may be, are absolutely and 
ultimately simple. They cannot be defined and do not require de- 
finition. 

Now we claim that any term (alleged conception), which does not 
designate an ultimate element, and which cannot be defined in terms 
of such ultimate elements, is a pseudo-conception, a mere word. As 
such it may be either superfluous, i.e., containing nothing which is 
not already expressed in other terms, or false, i.e., implying contradic- 
tions. All distinctions based on such conceptions are unfounded and 
illegitimate, and any philosophic or scientific system, in which such 



^ Mathematioi ooald be regarded as that branoh of psyohology whioh deals with 
the apodeictic facts, for all facts are psychical. Nothing can be a fact unless it 
takes some place in conscioasness. In this sense all the special sciences are sab- 
divisions of psychology. It is the task of modem exact and experimental psy- 
chology to bring about a complete reform of all branches of haman knowledge. 
When all sciences have arrived at that stage where they express their propositions 
in terms of real facts, there will be no farther need of a special science psychology 
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pseudo-conceptions and psuedo-distinctions are employed is not 
knowedge but sham-knowledge. 

But what has all this to do with aesthetic? Simply this, that 
there is no branch of human study which is so far behind in the 
search for ultimate facts, and there is scarcely another territory of 
profane or sacred, everyday or scientific discussion in which there is 
such a superabundance of pseudo-conceptions and pseudo-distinctions 
as in aesthetic. Scarcely in any field of intellectual activity are we so 
much like the parrot as in our discussion of the products of fine art. 

The science of aesthetic is still in a kind of mediaeval stage. 
Whilst physics formulates its propositions and laws irrespective of any 
assumptions about the nature and even the existence of matter, whilst 
psychology has long ceased to start with the conception of the soul, 
aesthetic still takes as the foundation on which all it^ considerations 
are based the " idea of the beautiful." Instead of starting with un- 
deniable facts, or at least with something which may pass as experi- 
ence, it starts with a preconceived idea. The ^* beautiful " is something 
absolutely different from the agreeable, the aestheticians say, but they 
never prove it. It is simply so, because they wish it to be so, for they 
imagine that the agreeable (pleasure) is something base, something low 
and sinful. On account of this absolutely unfounded pseudo-cultural 
and pseudo-christian assumption (for the agreeable is low and sinful 
only when sought or obtained at the expense of truth), they then make 
frantic efforts to define beauty as something absolutely independent 
of pleasure. These attempts result in either proclaiming as criterion 
of beauty what can be attributed to everything, or in the introduction 
of terms which silently imply pleasure, thus begging the question. 
To the former kind belong the definitions of beauty as the " unity in 
variety," the "unity of idea and phenomenon," "infinity in the 
finite," etc. To the latter kind belong those views which reduce beauty 
to " proportion " or " harmony," for these terms have only a distin- 
guishing significance when applicable not to all, but only to certain 
relations of numbers or other magnitudes (e.g., Hogarth's curves or 
Zeising's golden section). The most vicious of such circles is exem- 
plified by those theories which "explain" the aesthetic effect by 
" association " — the philosopher's stone of empirical psychology. 
The selection of what is to be called proportionate or harmoni- 
ous implies of course the reference to the agreeable. Even 
Kant's " interesseloses Wohlgefallen " (pleasure without inter- 
est) belongs to this category; it is a term which contains its con- 
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tradiction in itgelf. The criterion of pleasantness is interest, and 
therefore pleasantness without interest is a notion like a " body with- 
out extension/* 

"Agreeable" and "beautiful" either cannot bo both simple 
(ultimately elementary) qualities, or they cannot overlap. Thus the 
beautiful is either a special case of the agreeable or pleasant, or the 
two qualities must be exclusive of each other, i.e., beauty must be 
absolutely indifferent. Indeed from Plotinus to Kant and Schiller and 
later times, it has been claimed that " beauty excludes desire." But 
this is in contradiction with the directly experienced facts. There 
may be the absence of some desires but not of all. If we stand before 
the Venus of Medici or one of Murillo's Madonnas, the desire 
to embrace her may be absent, but there is certainly the desire 
to have the beautiful impression continued, for we admire the beauti- 
ful forms and features for a quarter of an hour at a time, and often 
enough even after taking our leave of her we have to turn back and 
see her again. And if beauty is incompatible with desire, why then 
do the artists strive to produce the beautiful and why does the public 
seek after such works? Kant^s sharp demarcation of the aesthetic 
consciousness from the intellectual on the one side and the sensuous 
and moral on the other is wholly dependent on his strict adherence 
to the Wolffian psychology, with its faculties of the soul, and to cer- 
tain common-place distinctions, which in the spirit of his criticism 
should not have had any place in his system, such as theoretical and 
practical, real and apparent, form and matter, etc. 

Lotze distinguishes the pleasant and the beautiful by relating the 
former to passivity (suffering), and the latter to activity. But this is 
simply to l^eg the question; for the terms active and passive are mean- 
ingless, unless they are based on the distinction of the pleasant and 
unpleasant. In the inorganic world there is no such thing as activity 
or passivity; there are only different forms of motion. In the organic 
world, whether a movement is passive or active depends entirely on 
the accompanying pleasant or unpleasant feelings. But worse than aU 
these definitions is the tendency of modem authors to "reduce" 
beauty to "expression," "significance," the "excellent or character- 
istic," and other vague terms which themselves are ten times more 
in need of definition than ** beauty .'' 

Besides the definition of the nature of the beautiful and its de- 
marcation from the ugly, the sublime, the comic, etc., there are other 
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pet ideas which are treated by certain authors "with extreme and alto- 
gether undue devotion, e.g., that of the universality of the laws of 
beauty. As they did not like the idea that the beautiful is a special 
case of the agreeable, so they do not relish the fact that aesthetic judg- 
ments are subjective, for if they were, all the many volumes filled with 
a philosophy that begins at the second story and does not trouble about 
the foimdation, all the beautiful talk about beauty would be worthless 
trash. Therefore the laws of aesthetic are objective and universal, 
in spite of Kant, and in spite of every day's experience which testifies 
to the contrary. One would think it could scarcely be denied that the 
recognition and appreciation of beauty depend on race and occupation, 
on sex and age, and a hundred other circumstances. Scarcely ever (and 
fortunately so) do difl!erent individuals agree as to human and other 
beauty. The ideas of human, architectonic and ornamental beauty 
differ widely in a European, a Chinese, a Hindoo, and a Negro, even 
if they have all reached the highest standard of education. It is the 
fashion to be orthodox and to proclaim the ancient Greek sculptures as 
the non plus ultra of the representation of human beauty. But apart 
from the fact that the admiration of the truly unsurpassed observation 
and skill shown by the ancient masters of plastic art and the enchant- 
ment exercised by the beauty of their subjects are two different 
things, most of us northern people of Teutonic and Celtic descent find 
the features and forms of women of our own or a kindred race more 
beautiful and graceful than the Venus of Milo. Many even who give 
•the prize to the latter would withdraw their patronage if they were 
not allowed to endow, in their imagination, the Venus of Milo or the 
Medicean with a rosy complexion and fair hair. 

How widely do the views of the aesthetioians and art 
critics differ even on the most vital points! It is of com- 
paratively little significance that the authorities cannot agree 
as to whether the Dresden or the Darmstadt Madonna is 
the original work of Holbein, or whether Laokoon is crying out 
or not. But if one distinguished writer on aesthetic makes Shake- 
speare a classical author, marking the culmination of a long period, 
whilst another counts him among the founders of Romanticism, one 
cannot help thinking that there must be something totally wrong in 
that distinction of classic and romantic. Shakespeare himself cer- 
tainly did not know whether he was a classicist or romanticist, and if 
this ignorance did not prevent him from accomplishing unsurpassed 
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and immortal* works, why should the reader burden himself with 
such pseudo-knowledge? And if one author (Winckelmann) holds 
that the plastic art of the Hellenic nation seeks only to express heroic 
greatness, composure, calmness of great souls, and another (Hirst) 
asserts that Greek art does not shrink from the expression of even the 
greatest horror, and if both as a demonstration of the correctness of 
their views refer to the same sculptures, there must be something 
wrong with these '^objective and universaP' laws of aesthetic judg- 
ment. How is it possible that, while the majority of artists and critics 
look at Hellenic art as at the most exalted and abstract ideal, some dis- 
tinguished authors (Bosanquet), see nothing in it but clever imitation 
of nature, void of deeper expressiveness, at best attempting allegory 
but never rising to true symbolism? Now, such a diversity proves 
either that the laws of aesthetic judgmanti are not universal or that 
there is something illogical in the alleged knowledge of the above 
propositions. The sharp distinction between allegory and symbolism, 
it seems to me, is forced and illegitimate, but that may be on account 
of my ignorance, which I willingly admit; indeed I must confess, that 
there are common and more familiar terms whose meaning and signi- 
ficance I never can see. Thus I do not understand what is meant by 
"classical," unless this term is simply used as denoting a period of 
the history of art, or as a kind of general superlative. As a designation 
of a specific characteristic of works of art or of the artist, it is for me 
nothing but an empty word; and I believe that there are many people, 
even of literary and scientific attainment, who are just as ignorant as 
I am in this matter, but who accept and even make use of this term 
simply on the authority of others and without ever asking themselves 
whether the expression stands really for a well defined and sufficiently 
outlined idea. Many a reader will smile at this confession, but I must 
insist that only he who is able to define " classical " in terms which 
themselves do not require definition, Le,, in terms of simple assertive 
and apodeictic facts, shall throw the first stone at me. If it is pos- 
sible to lessen the bluntness of this confession of ignorance by a more 
blunt one, I should say, as a psychologist, that I have never been able 
to see the legitimacy for instance of the distinction between con- 

' That is, as immortal as possible in the age of paper. It is very fortanate 
that the anoient Chaldeans and Assyrians did not have paper, rabber stamps and 
sealing wax but wrote on clay tablets, otherwise we should not know very mach of 
them, and we should still regard the early Hellenic period as the dawn of human 
oultore. 
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Kricusiiess and self-conscionsness^ unless one of these terms is arbi- 
trarily defined. 

The above diversity of opinion about the character of Greek 
art is due to a fusion of several errors. First: Even if 
imitation of nature and idealism were the antagonists which it is 
alleged they are, they should be applied independently to the choice 
of the subject and to the manner in which the artist represents it. 
The same artist might be an extreme idealist with regard to the choice 
of his subjects, and a radical naturalist in the execution, and vice ver^a. 
Second: Imitation of nature and idealism are by no means antagonistic 
and exclusive of each other. Every artist, if he aims at something else 
than what the photographic camera and the phonograph would 
accomplish, is guided by some ideal, which either as a whole or in 
part exists or at least could exist in nature. In fact there is in spite 
of all idealism nothing unnatural in Rafael's Sistina or in Murillo's 
(.'cnccptio Immaculata, and the beautiful heavenly features would lose 
nothing of their ideality if it were found out that they were leal por- 
traits. Many of the most exalted scenes in Shakespeare's or Schiller's 
plays may be and have been exceeded by real occurrences; for life is 
often stranger than fiction. On the other hand no artist can avoid 
imitating nature if he wishes to be true; no matter how high his ideals 
soar, the elements out of which he builds up his composition must be 
true, I.e., possible in experience. Thus we should not speak of idealism 
in contradistinction to imitation of nature, but we should classify 
the works of art, with regard to choice of subjects, according to their 
ideality, the degree of which ranges from zero to infinity; and with re- 
gard to the execution, the manner in which these ideals are represent- 
ed, we should speak of true and untrue representation. 

If the laws of aesthetics were reclly universal, there should be as 
little dispute about them as about thoirc of mathematics. It should 
not have been possible for that quarrel to arise about the three unities 
(time, place and action) on the stage. There should have been no 
opportunity for a controversy like that in Lessing's time about the 
limits of poetic and formative art. Or, how can one critic call the pre- 
cursor of modern plain-air painters, Velasquez, a mere master of 
technique, whilst another critic sees in him the most objective of all 
painters, who never shows off, never uses tricks? IIow is it possible 
for one to speak of him as a sordid soul who never saw beauty, and 
another praise him as the artist who saw through the mystery of 
light as God has made it? How could there be, if the aesthetic laws 
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were objective, any further doubt whether the sharp outlines of the 
pre-Baphaelites deserve greater credit than the much disputed and 
much worshipped modern mannerism of Ireating outlines and per- 
spectives as if they were painted with short-sighted eyes and for 
short-sighted people? 

So far even goes the uncertainty of the aesthetic laws that the 
■ aestheticians themselves are by no means unanimous in their decision 
as to which human activities belong to the fine arts. Some even in- 
clude among them rhetoric and oratory, which I would prefer to rank 
with the arts of tricksters like palmists, professional hypnotists, 
phrenologists and fortune-tellers, and far behind those of the ventrilo- 
quist, sleight-of-hand man, and tight-rope walker. For of these three 
the latter practises his art with entire honesty, and the former two 
do not coin as truth the illusions which they produce; but the orator 
wilfully deceives, whenever he exercises his skill, t.c, when he tries 
to persuade or carry away his hearers by something else than the 
truth of his argument. 

In the limited space of these introductory remarks I can only 
touch ui)on a few of the numerous vague and contradictory concej)- 
tions and distinctions, the unverified acceptance of which forms, so to 
speak, the key to the "understanding" of the chaos of aesthetic theories. 
On reading modem books on aesthetic or criticisms of works of fine art 
one can hardly suppress the observation that the *' play impulse " of 
Schiller and Spencer seems to exercise its creative force not only in 
fine art itself but also in aesthetic and art criticism, resulting here in 
an elaborate and intricate play with high-sounding but undefined 
words and arbitrary, unfounded distinctions. But this play in aes- 
thetic, history of art and art criticism differs from the play in real 
art by producing its " semblance ** not " without deception.'* 

There have been since Kant and Herbart many earnest attempts 
at a more exact aesthetic, characterized by greater consistency and less 
superficial verbosity, but their efficiency is greatly frustrated by the 
unwillingness to condescend to a thorough analysis down to the ele- 
ments. The few bricks we possess of warranted solidity to be utilized 
in building up a trustworthy edifice of aesthetic science are not to be 
found in the voluminous works on aesthetic and history of art, but in 
the works of modem psychologists on the psychology of light and 
colour, spatial forms and musical tones (Fechner, Wundt, Stumpf, 
etc.). Bosanquet says of the stage which aesthetic had reached at the 
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time of Kant: ''A positive or concrete structure of aesthetics is as 
yet indeed only in the making. The outlines are firmly traced and 
the materials are lying around in heaps, but the building is hardly 
begun/* ^ So favourable a view seems not to be justified even at the 
present stage of aesthetic science. Instead of outlines traced firmly 
with mathematical definiteness we find a chaotic mass of disputable 
opposing theories, and what is "lying in heaps** is only in part 
"material/* and the greater part is rubbish and dust, which will fly 
when once a genuine storm of true criticism blows. 

I declare again: All eocpresaions used in oesthetic and art- 
criticism which can not, uruvnibiguously and without contradic- 
tion, be defined in terms of really simple elements (assertively or 
apodeicticaUy true and not requiring proof and definition) are 
nothing hut pseudo-conceptions ; and aU distinctions and classifi- 
cations into which such expressions enter are illegitimate or pseudo- 
distinctions ; and all alleged knowledge based on sv^h conceptions 
and distinctions is sham-knowledge ; and if the originators and 
propagators adhere to such eocpressions after they have realized the 
truth of what is said above, it is not only sham-knowledge, it is 
then imposition^ deception, fraud. 

II 

I may proceed now to illustrate the foregoing general discussion 
by reference to some particular subject in art. I shall first discuss, in 
the light of what has been said above, the criticism of the art of 
painting, and afterwards turn in particular to the questions of light 
intensity and colour-combination. 

A picture is a surface (a part of our field of vision) consisting of 
smaller surfaces which differ in space-relation (extension, shape, 
arrangement), light-quality (colour-tone and saturation), and light- 
intensity. All properties which the picture as a whole or in its parts 
possesses, must be reducible to qualities or relations of these small 
surfaces. Consequently any quality attributed to the work of art or 
its parts must be capable of being expressed in terms of these five or 
six variables. Any alleged physical or aesthetical characteristic of the 
picture, which cannot thus be unambiguously defined in terms of theee 
elements is not a property of the picture at all. We must be able to 
state what combination of space-configuration, colour-tone, satura- 
tion and intensity we mean, when we speak of " composition,** " idea,**" 

1 Bosaiiqiiet, Uiitory of ^$thetie, page 283. 
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^^cohrii^ "values/* "technique/' etc., or else these expressions are 
meaningless^ although high-sounding words, with which we deceive 
ourselves partly and the hearer totally. Some of these tenns are 
satisfactorily defined; some others could be defined if those who use 
them would take the trouble. But the great majority of them have 
never been properly defined; at a sincere attempt to express their 
meaning in terms of the above ultimate elements they would reveal 
themselves as superfluous or false, as pseudo-conceptions, as mere 
words. Those who introduced them had not a clear idea of what they 
meant by them, and those who used them afterwards, uncritically 
repeated them. The objection might be raised that most of the terms 
in question are defined, that almost every author takes care to state 
what he means by his expressions, except in the case of terms which 
are understood by everybody. But just these common terms, whose 
meaning everybody claims to know, are often the worst pseudo-concep- 
tions. It is true, most writers define their notions, but they do not 
define them in terms of the simple variables. They often run round 
in a circle with their definitions, or at least act like one who would 
measure distances by triangulation but without measuring a base. 

There is the distinction of realism and idealism which is often 
applied to paintings and painters. Now this contradistinction is either 
perfectly arbitrary, and then it has nothing whatever to do with the 
meaning of the terms " real *' and " ideal," which are neither in con- 
trary nor in contradictory opposition, or else the terms do not exclude 
each other. But the aestheticians insist that the distinction is not an 
arbitrary one but that it has its foundation in the very nature of 
things, and that the two terms exclude each other completely. They 
never investigate, however, whether or not idealistic and realistic are 
ultimate qualities or reducible to such. If they had done so, they 
would have found that the term realism is the most vicious pseudo- 
conception that philosophy and aesthetic have ever created. To an 
unprejudiced mind it is evident, that there is more right to call 
Bafael's Sistina realistic (if this term has something to do with "real" 
or *'fact") than to apply the term to the products of those modern 
painters who find reality real only where it looks dirty. Moreover, 
how is it that no artist by himself knows whether he is an idealist or 
a realist? He usually has to learn it from his critics; and they some- 
times only find it out long after his death. 

I can quite well understand what is meant by the contraposition, 
in philosophy, of idealism and materialism; or in aesthetic, of idealism 
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and cynicism, but, with the utmost effort, I cannot see what could be 
meant by opposing realism, naturalism or impressionism to idealism- 
The most ideal landscapes I have seen were not painted but real ones, 
Alpine and Arctic scenery, for instance, and the features of Kafael's 
or Murillo's Madonnas are perfectly possible and may even have been 
surpassed in nature. The difficulty with the terms "real" and 
''reality" is a double one. First, it is forgotten that if there were 
no wilful deception in the world, if nobody were to transgress the 
law of truth, there would be no place at all for these terms, for there 
would be nothing unreal. Second, the terms "reality" and "real" 
are used ambiguously. Sometimes they are employed in contra- 
distinction to the products of human deception, and sometimes they 
are applied to a part of experience which is characterized by certain 
relations in visual and tactual space. Everything which has not 
these relations is then called " unreal." Thus, for instance, the per- 
ception of an object is '* real," but the memory image of that object, 
because it lacks localization in the vision field, is called "unreal." 
This is perfectly arbitrary. The memory image is something actually 
existing. It is a fact, and that it lacks certain properties which 
some other facts possess does not give us the right to treat it as if 
it lacked all properties of actuality, as if it were a product of decep- 
tion. The confusion of these two meanings of the unreal, which 
is now identified with deception, and now with that which is not 
palpable in space, is the most vicious source of errors in common life, 
science and religion. 

Some critics have a certain preference for the w^ord " technique," 
whose whole force lies in its ambiguity, for it means sometimes a 
property of the picture, and sometimes a quality or a method of the 
artist. If technique is a property of the artist, we must not blame 
or praise the picture for it; but if it is a property of the work of art 
then we must treat it independently from the action of the artist 
who produced it. But here is just the basis of the fallacy. Those 
who use the term technique to designate certain characteristics of the 
painting or its parts seem to think that the same property of the 
picture must always be produced by the same manner of painting, 
which is absolutely wrong. The same elfect on the canvas may b? 
accomplished by a hundred different ways of painting, and some of 
the most distinguished painters have accomplished masterpieces by 
what the average connoisseur would regard as altogether heretical 
and dilettante-like methods. 
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As an example of a term which would very well be satisfactorily 
defined in terms of ultimate elements, but which is mostly surrounded 
by a veil of mystery, impenetrable for the uninitiated — and the in- 
itiate^ seem to like such veils — we might mention the chiaro-oscuro 
(clair-obscure Ilelldunkel). The consciously chosen contradiction in 
tlie name already shows the confusion of thought in the mind of the 
originator. One speaks of the chiaro-oscuro as if the painter could 
accomplish the impossible, make his canvas transparent, magically 
produce bodies on a flat surface and paint a veritable translucent at- 
mosphere, or even empty space. But all that is at the painter's disposal 
is the juxtaposition of more or less extended surfaces of different 
intensity and quality. Even some noted scientific writers seem to 
think that we could see one intensity through another, or ono colour 
tlifough another. They say: Even in the deepest shadows on a snow- 
field the whiteness of the snow is perceptible, and if we hold a yellow 
glass before the eye and a blue object at some distance, we can dis- 
tinctly see a blue surface through a yellow medium. But in making 
such statements they express not what they really perceive, but what 
they suppose it to be. If the necessary precaution is taken to exclude 
all knowledge about the situation, so that the observer has to rely for 
his statements on what he really sees, e.g., if he looks through a tube 
which conceals the edges of the surfaces in question and which is 
long enough to prevent him from noticing little inaccuracies on the 
surface of the glass or the grain of the paper, he will not see two 
colours, one through the other, but only one. Our sense of sight has 
not the faculty of seeing at the same time different qualities at the 
same point of the vision-field. It responds to a manifold stimulation 
with a sensation of one simple quality and one intensity. The presen- 
tation of transparence, in so far as it is perception (t.c, in so far as 
it is not obtained by inference through analogy, etc.) is produced 
by parallactic relations between the images of the two eyes or between 
the successive images of the moving eye. The painter is utterly un- 
able to produce such parallactic relations on the canvas or paper. 
That by painting transparent pigments over each other or on top of 
opaque ones he very often succeeds better in obtaining the desired 
colour-tone and intensity, than by applying directly an opaque or a 
mixed colour, has absolutely nothing to do with any alleged perceiv- 
able transparency of parts of the picture. The same effect may be 
produced, as it is indeed done with gouache or pastel-colours, with 

fta 
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absolutely opaque pigments. Pigments may be transparent, perceived 
coloured surfaces are never so, and all the beautiful phrateology about 
painting " air," a " transparent sea," an " endless or hazy perspective " 
is nothing but inaccurate talk by people who have ©ot sufficiently 
analyzed the problems which they discuss. However, this super- 
ficiality of the aesthetic critic has so far misled the public only 
and not the artist. For the experienced artist kijows quit^ well 
that he has to produce everything by the juxtaposition of differ- 
ently coloured dots on the surface. He knows quite well, even 
if he is not able to express it in conventional scientific terms, 
that white is not a simple quality like the colours, but that we need 
some other data than the mere intensity and quality of light in order 
to call a surface white.* He knows perfectly well that identically the 
same mixture of pigments may at one place stand for Avhite, at an- 
other for black, and that he can paint without a single white stroke 
what everybody will immediately recognize as sno^. If the reader 
is not perfectly convinced of the foregoing, the following simple ex- 
periment may be recommended. Let him take a piece of black and 
another of white paper. Let him fasten them to th^ wall, but place 
a screen between them, that they may be illuminated separately. 
Now it is very easy to illuminate them in such a way that the black 
paper looks brighter than the white (for instance by exposing the 
black to the sunshine or an arc light, whilst the white is kept in the 
shade). If a pair of card-board tubes, darkened inside, be then placed 
in such a position that through one of them a part of the dimly illu- 
minated white surface is seen, and through the other a part of the 
strongly reflecting black, and nothing else, especially not the edges 
of the papers or the screen, then an observer, when asked what he sees, 
will only be able to state that he sees two colourless surfaces of differ- 
ent brightness. And if requested to use the terms black and white, 
ho will call the brighter, i.e., the black surface white and the darker, 
i.e., the white ll^ick. Although these facts are well known, the pro- 
position that black and white are not elementary sense-qualities is 
far from being generally accepted, not because any thorough-going 
argument could be advanced against it, but simply because it is not 
liked for some reason or other which has nothing to do with science 
and truth. It is here as with many other commonplace and scientific 
prejudices. Wc persist in saying that in lamplight all yellow objects 

' See the author's article on colour-Baturation and its measurement. (American 
Journal of Psychology, vol. iv., p. 542, et ieq.) 
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look white, whilst a simple experiment which everyhody may perform 
clearly proves that we should correctly state that in artificial light 
(lamps, candles, incandescent electric light, et<;.) all white objects 
look yelloAv (orange-yellow). We persist in regarding the eye as " the 
mirror of the soul," although we know quite well that the eye is not 
capable of any other expression than that which depends on the curva- 
ture and moisture of its visible surface, and on the direction of its 
axis, and although we know quite well that we cannot see any expres- 
sion at all, as soon as we cover, by a mask, everything else of the 
human face but the eyes. 

But there is another point in the problem of the chiaro-oscuro, 
where a more profound scientific analysis would have been extremely 
beneficial to the progress of the art of painting, namely the inquiry 
into the limits of intensities producible by the painter. A practical 
problem may lead up to the theoretical consideration. Cover a sur- 
face half with the best black and the other half with the best white 
pigment obtainable, and then let a shadow fall or put a strip of black 
velvet across a part of the black. Now ask a painter to reproduce 
it on the canvas or paper. Will he be able to do this? His best 
white pigment will be just bright enough to represent the white part 
of the surface, and his best black will just be dark enough for the 
black part; but how will he ever paint the shadow or the velvet? If 
he used his best black for this purpose he would have to represent 
the unshaded part of the black surface by a gray only, thus aban- 
doning correctness. It will be utterly impossible for the painter 
to reproduce these three surfaces in their correct intensity dififeronces. 
But may he not reproduce them in their right proportion? Mr. 
Kuskin, who touches on this point in his Modem Painters, seems to 
think so; but it is a mistake. If we could reproduce the right pro- 
portion, that would be all that is required, for our sense of sight does 
not care about absolute differences, in fact it is not able to recog- 
nize them. It is just the great law of psychical relativity, that we 
judge always according to ratios, not differences. But the intensity 
relations which we find in nature are not confined within the same 
limits as those which are at the disposal of the painter. 

The reflection-coefficients of the best black and white pigments 
have been found to be to each other at best as 1:66, that is to say, 
the brightest spot of any painting is never more than GG times brighter 
than the darkest. If we make an allowance for the relief effect of 
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colours laid on very thickly and with clever regard to the illumin- 
ation, the above ratio might be raised a little, let us say to 1:75 or 80. 
Even if the surfaces of the objects were to keep, with regard to their 
reflection of light, within these same limits, the perceivable intensity 
ratios would yet not do so; for the surfaces in nature are not arranged, 
like those of the picture, in one equally illuminated plane; the black 
may be in the shade, the white in sunshine. There are, further, 
different sources of illumination; and finally there are the light-giving 
bodies themselves. That even apparently small intensity dilTerences 
are out of reach of the painter's brush can be seen from the follow- 
ing examples.* By measurement with the polarisation-photometer 
the ratio of intensities between a black and a white cardboard, the 
former being in diffuse daylight, the latter in direct sunshine, was 
found to be approximately 1:600; and if the black cardboard was in 
the shade, the white in the sunshine, this ratio was raised even to 
1:3700. A gas flame was found to be 1600 times brighter than a white 
cardboard placed at a distance of 1^ yards from the gas flame and 
illuminated by the latter and by diffuse daylight. The gray sky on an 
extremely dreary rainy day was still more than 420 times brighter than 
a white painted crossbar of a window seen against the sky as 
background. Very bright white clouds, illuminated by the moon, 
were to the surface of the latter herself in intensity as 1:340; and 
the intensity-ratio between the moon and the clear sky was found 
to be 4800:1. The artist is utterly unable to reproduce these relations. 
If he wanted to paint the gas flame in the above case and were to 
use his best white for it, the deepest black which he is able to apply 
would still be more than 20 times too bright to represent the white 
cardboard. If the ordinary sky on a rainy day is beyond his means, 
how should he ever presume to paint fire, the moon and even the 
sun? It has been said, as was stated above, that he cannot reproduce 
the actual intensities, but that he may paint them, reduced in their 
absolute value, but in their right proportion. But this is simply 
impossible; for the above numbers are the proportions. The origin- 
ator of that idea obviously had it in his mind that with respect to 
the dark the artist was unlimited, i.e., that his darkest black was abso- 
lute absence of light, which is by no means the case. This darkest 
black, no matter whether it is lamp-black, ivory-black, Paris-black 

' See the author's article, Die piyeJiotogiMch-atthetuehe Bedeutung det Lieht un d 
Farheneontroitei, (Philos. Studien, VIT, p. 362, et ieq.) 
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or obtained by a mixture of brown and blue colours, represents still 
a very considerable intensity. An ordinary black surface, as for in- 
stance black cloth or a painted black (not to speak of india ink or 
printers' ink, which do not appear black at all when exhibited in large 
surfaces) looks only dark grey when compared with a shadow thrown 
on it, or with good black velvet; and on black velvet one can very 
Avell see the shadows, which are still blacker. But even these are not 
as dark as an opening into an almost absolutely dark space. 

Thus the means at the disposal of the painter are of such a 
nature, that the intensity relations which he is able to produce on 
tlie canvas or paper can never reach or exceed the ratio 1:100. That 
he still succeeds in some cases in efifectively representing somewhat 
greater intensities, he owes to the laws of contrast which he consciously 
or instinctively applies. According to the laws of light contrast a 
small bright surface may be considerably brightened by great sur- 
rounding dark surfaces, and vice verm. By cleverly making use of 
this law he may even raise the intensities of very small white, yelloAV 
or orange surfaces so as to give the appearance of a certain luminosity, 
OS, for instance, in the case of glowing coals and sparks of a smith's 
fire, the illuminated windows in an evening landscape, the Alpine 
glow, etc. But he should never try to paint the flames of candles, 
lamps, or torches themselves, or the celestial bodies, for this is, with 
respect to true reproduction of intensities, absolutely impossible. In- 
deed when we see the sun or moon on such a picture, we recognize it 
not by its intensity but by its shape and surroundings. Man has be- 
come accustomed through a thousand years of training to represent 
nature by projections on the plane often without regard at all to 
intensities and colour. A drawing which consists of a few horizontal 
lines and a circle or eemi-circle above, he will immediately recognize 
as a " sunset " or " moonrise," although the most characteristic prop- 
erty of these events in nature, the intensity-difference, is absent, 
and although the drawing has ten times more similarity to a " penny 
on the floor" or "a plate in a cupboard." Painters who select 
such subjects for their works are either poor observers of nature 
or they are misled by critics who have never realized the problems 
involved. The great artists, and especially those who are praised by 
the critics as the masters of the chiaro-oscuro, are always very careful 
to hide the source of the light in their paintings. Tims the great 
landscape painter Calamc in his "Sunrise on Monte Rosa" succeeds 
very well in representing all the beautiful effects which the rays of 
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the glowing morning sun could produce on the snow-covered peaks, 
but he did not paint the sun itself, lie would have spoiled his pic- 
ture if he had done so. And Kembrandt in his masterpiece, " Burial 
of Christ," with its beautiful antagonism between daylight and the 
illumination by torches, carefully avoided letting the flames of tho 
torches be seen. 

We have seen in the foregoing considerations how far the painter 
is from being able to represent the light-intensities found in nature 
in their correct relations. What then should we think of that ten- 
dency of modern artists, and often of just those who like to call 
themselves naturalists and impressionists, voluntarily to confine with- 
in still narrower limits the small compass of intensity-differences 
which is at their disposal according to the nature of the pigments. 
The ratio 1:60 or 80 is still too high for them and they do not go 
liigher than 1 to 20 or 30. It cannot be denied that this modem way 
of painting in many cases reaches a greater truth in colours, but it 
is mostly done at the expense of the truth of light intensity. It is 
the fashion now to find the sombre colouring of the Spanish and 
Dutch School completely at fault, and to praise the gray haze of 
modern plain-air painters, as the non plus ultra of correct representa- 
tion of nature. Someone has said: '* Rembrandt made his people live 
in an atmosphere of his own invention." I think this could be asserted 
with greater truth of modern impressionists. Rembrandt sacrificed 
the truths of colour tone to a certain extent, in order to come nearer 
to truth with regard to light intensity. Ue chose the sombre brown 
tone, not out of caprice or an inclination for mystic dreaming 
(Fromentin), but because the yellow and orange side of the colour- 
manifoldness (brown is always a shade of yellow or orange) admits 
of the greatest number of intervals between full saturation and the 
darkest shade. He knew quite well that a general tone which spreads 
over the whole picture is almost irrelevant if the picture is placed in 
the right environment. But these moderns sacrifice all truths of 
intensity for a certain mannerism in colours. They paint every- 
thing in a kind of purplish gray haze, and they call that impressionism, 
although such impressions can only be obtained by seeing things in a 
veiled mirror or through a cloud of cigarette-smoke. 

Finally, as leading up to the subject of the next article, we may 
glance at the reasons why the science of aesthetic, in spite of so 
many volumes filled with the theories of the beautiful, has hitherto 
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not succeeded in establishing a single really unquestionable rule about 
colour-combination. Even more, it has not yet succeeded in establish- 
ing a consistent system of designations for colour qualities. The 
ssthetician makes use of almost the same confused tenninology as 
the drygoods salesman, giving different names not only to different 
colour-tones, but also to different intensities or degrees of saturation 
of the same colour, and, on the other hand, the same name to differ- 
ent colour-tones. Moreover, people use these names often without 
themselves knowing what they mean. Everybody of course " knows '* 
what crimson, indigo or purple is; but if you ask a number of people 
to pick out these tones from a set of 20 or 30 colours, representing 
the colour-circle, the decisions vary enormously. Some highly edu- 
cated persons will not know whether crimson is only a darker shade 
of red or an altogether different colour-tone; the terms purple and 
violet are a source of continuous confusion. Even the terms for the 
four colours whose names can be traced back to Aryan roots do not 
mean the same to different persons or cvcoi to the same person at 
different times. Most people, for instance, are not aware that the 
green in nature is not a pure and saturated green, but more of a 
grayish yellow green. They are greatly astonished when they see 
for the first time a green leaf besido a spectral green. Bricks and 
hair sometimes are said to be red, but if a book is bound in cloth of 
identically the same colour, nobody will call it red. The very same 
colour-tone is named quite differently when seen in different objects. 
The whole controversy between Gladstone, Geiger, Magnus and 
Grant Allen and many others about the development of the colour- 
sense in man during historic time was caused by this inaccurate 
colour-nomenclature. With the same right as it was maintained 
that the ancient Greek and Hebrew did not see blue we could assume 
that the German peasants do not see violet, for they call it blue, 
and that they cannot distinguish red and brown, for they call the 
fox red and they speak of red horses and cows. 

It 18 clear there cannot be universally valid rules for colour 
combinations unless there is first a consistent and unambiguous sys- 
tem of names for colour qualities. It is no sense at all to say, " green 
and blue do not agree together " if we leave some doubt as to what we 
mean by "green'' and "blue." This same example may also serve 
to demonstrate another and indeed the chief reason, wliy we have 
not yet arrived at something better. 
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Let us examine the above proposition that green and blue do not 
agree together. Everybody certainly can distinguish at least twenty 
different greens, ranging from yellow-green to blue-green. In the 
same way there are at least twenty differenl^ colour-tones which have 
a claim to the designation blue, from the greenish to the violetish 
blue. Between these 40 different colour-tones there are 20X20=400 
different combinations possible. So far we have dealt with fully 
saturated colours; but it is certainly not exaggerating to assume that 
we could at least distinguish 50 different degrees of saturation for 
each of the above 40 colour-tones. That would bring the number 
of possible combinations up to 400X50X50=1,000,000. Finally we 
must admit that each of the components is variable in light-intensity. 
If we assume that we could distinguish also 50 different degrees of 
brightness in each component, our number of possible combinations 
of green and blue would assume the value 1,000,000X50X50= 
2,500,000,000. But we are not yet at the end of the possibilities. 
Even if we find among the above 2,500 million not a single pleasant 
combination, this will be only valid for the case that both components 
are equal in shape and extension. If we vary these space-relations 
we might yet arrive at combinations of a pleasant character. This 
variability in space-relations makes the number of possible combin- 
ations practically unlimited. Even the absolute size is not irrelev- 
ant, a circumstance which is very often neglected in architecture and 
decorative art. An ornament or the combination of colours chosen 
for a building, which, when executed on a small scale, e.g., on a plan 
or model, makes a very agreeable impression, may, when carried out 
in the building itself, be entirely unsatisfactory. In the model the 
colours stood under other contrast influences than in the finished 
structure, whose surfaces cover greater areas of the vision field. 

Thus, until it is proved with mathematical certainty that two 
colours do not agree together and why they do not, or until the great 
number of possible combinations is to some extent sufficiently inves- 
tigated, a statement such as that about the disagreement of blue 
and green means simply nothing. As long as the above stated con- 
ditions are not fulfilled and the contrary proven, we have the right 
to say that any two colmir-qtialities will make a satisfactory combin- 
ation if selected in tJie right intensity, saturation and space relations. 
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EXPERIMENTS ON THE /ESTHETIC OF LIGHT 
AND COLOUR 



HISTORY OF THE PROBLEM 
THE ^ESTHETIC VALUE OF SINGLE COLOURS 

From the very nature of ancient and mediaeval thought, we 
should not be led to expect that a theory of the aesthetic value of 
single colours would occupy much, if any, of the thought of those 
times, and indeed the literature of aesthetics down to the time of 
Kant contains little on the subject. In a historical survey it is suffi- 
cient therefore to begin with Kant and to notice after him those 
modem writers who have given some attention to the subject. 

Kant's theory of the beautiful is so bound up with his concep- 
tion of the form and matter of knowledge that no brief statement 
could give an intelligible account of it He places beauty altogether 
on the formal and therefore universal side of experience, and since 
all sensations fall under the heading of the matter of perception, 
his theory could not possibly allow that colour as such could in any 
way be beautiful. A close reading of passages in which he seems to 
give sensations an aesthetic value will show that in such cases he 
is merely conceding something to a popular use of terms, and that 
what he says has no direct relation to his theory of the beautiful. 
And even in these concessions, for example where he speaks of the 
purity of colours constituting their beauty as a "kind of formal 
determination of them,*' he says: "This (purity) is besides the sole 
element in them which is universally communicable, for we cannot 
assume that the quality of the sensations is for all subjects the same 

or that preference is adjudged to one colour before another 

in the same way by every one." * From this quotation we can easily 
see that whatever Kant meant by * purity ' he certainly did not use 
it in any sense which is in common use. Caird adds, in his exposi- 
tion of Kant, certain references to the physical theory of colour 

' Caird, Critical Philoiophy of Kant, VoL II, p. 427, quoting from Kosan- 
kranz't edition of Kant'tf works, VoL IV, p. 71. 
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as ether vibrations, and concludes as follows: "On this view, plea- 
sant colours or tones furnish merely the matter brought under the 
fonn of beauty, which may be part of the charm or attractiveness 
of objects, but strictly speaking has nothing to do with their beauty." ^ 

Herbart, on the other hand, is perfectly definite, and his posi- 
tion is unequivocally that single colours have absolutely no aesthetic 
value.^ The reason for this conclusion, however, is not to be 
found in his colour theory, for such he can hardly be said to have, 
but in his theory of being, in which he starts always from the simple. 
Emotions are nothing but the result of combinations of presentations 
(ideas) and therefore, of course, no simple idea could have aesthetic 
value. 

Among distinctly recent writers, Chevreul and Bosanquet hold 
views diametrically opposed. Chevreul was one of the first to em- 
phasize the aesthetic value of single colours. A brief quotation 
will show his standpoint. He says: " Everybody whose eyes are pro- 
perly organized takes pleasure in looking at a white sheet of paper 
on which are falling the coloured rays transmitted from a coloured 
glass, whatever be the colour of the glass." ' We notice here that for 
Chevreul not only do single colours have aesthetic value, but all 
single colours are agreeable. Bosanquet, on the contrary, thinks 
that colours in isolation have no aesthetic value.* 

Grant Allen^s theory of the colour sense can only be understood 
by taking strictly evolutionary ground and thinking of life as a 
whole, and of the various factors which make up life, even down 
to the simplest sensation or feeling, as occurring under the lead of 
the principle of the survival of the fittest. Those beings have sur- 
vived which were best able to compete in the struggle for existence^ 
and those plants which are best able to sustain life have survived and 
multiplied largely through the relation of animals to them. This 
is equally true in the realm of the special sensations. Allen con- 
tends thai; the origin of the colour sense and of coloured objects, 
(flowers, fruits, etc.), is directly connected with this struggle for 
existence, and the survival of the fittest. Those colours are the 
most agreeable, which are the colours of objects capable of sustaining 
life. The development of the agreeableness of individual colours has 

iJfrtU p. 428. 

« Herbart, Werke, Vol. I, p. 173. 

' Chevreal, De la Loi du Contraite Simultan/ det CotUeun, p. 82 (par. 174). 

* Bosanqaet, History o/Anthetie, pp. 885 and 415. 
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been taking place for ages, until it is to-day merely instinctive. Red, 
orange, etc., are thought to be the most agreeable colours, because 
these are the colours of the fruits which played such an important 
role in the lives of our fruit-eating ancestors. 

On this theory of the origin and development of the colour sense, 
Allen concludes, (1) that individual colours are for us agreeable 
or disagreeable, (2) that the red and orange part of the spectrum, 
and also the violet end, as it tends towards red, are more agreeable 
than the intermediate colours, green and blue. He gives also a physio- 
logical reason for the latter conclusion, viz. since green and blue 
are the commonest colours in nature, and red and orange the most 
unusual, the structures of our eyes which are operative in the per- 
ception of red are less frequently exercised.* 

Possibly the simplest criticism of Allen^s theory would be a 
mere statement of the fact that it is not true that red and orange 
are more agreeable than green and blue. Individuals have, possibly, 
individual preferences, but no such consensus of opinion can be 
found to exist as Allen's theory would lead us to suppose. The ques- 
tion as to whether individual colours have aesthetic quality, is not 
of course decided thereby, but if such a quality exists, it is clear that 
Allen's theory gives no adequate account of it. 

Wundt's view, the last to be referred to here, is in extreme oppo- 
sition to those theories according to which the aesthetic value of 
colours is connected only with their combination. For Wundt holds 
that the hedonic tone (Oefiihlston) is, besides intensity and quality, 
an essential characteristic of every sensation. Every colour-tone must 

^The disoastion between SnUyand Grant Allen carried on in the fourth 
volame of ** Mind,** may be of interest in this connection. Allen contends that 
coloars Ijrin^; near to each other in the colour circle, are unpleasant in combination 
because they exhaust the same class of optic fibres, and on the basis of this he enun- 
ciated a law, viz: ** Pain is the result of painful stimulation." Mr. Sully writes 
as follows : ** He (Grant Allen) hardly succeeds in including; the effects of disagree- 
able combinations of colours under the law, viz : that 'pain is the result of painful 
stimulation.' The discordant juxtapositions of colours produce their effects tiirough 
a successive stimulation of the same class of optic fibres which thus reaches the 
ezhaustiva and injurious point. It would follow from this that one and the same 
colour spread over a large surface would produce the pain of chromatic dissonance 
in its maximum degree.*' Sully thinks that the fact that this is not so shows the 
untenability of Allen's position. In reply AHen says that a single field of colour 
does produce the maximum — not of chromatic dissonance as Sully says — but of 
chromatic fatigue. He holds that when there is not fatigue it is because the eye is 
constantly wandering beyond the boundary lines. 
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have a particular emotional character which in its pleasantness is 
dependent on intensity and saturation. This emotional element 
varies in its transition from the different stages of animation or 
excitation in the red or orange^ through the serene indifference of 
the green, to the cold and appeasing character of the blue. 



If we turn now from the theoretical consideration of the aesthetic 
value of single colours to experimental work we must seem to be 
standing upon much firmer ground. The value of experiment in 
connection with this problem is, however, somewhat doubtful. Full 
reasons for this conclusion will appear in the criticism of the results 
reached. 

Reference will be made to the work of two recent investigators, 
Jonas Cohn* and D. R. Major,* who deal with the hedonic tone 
of individual colours. So far as his work on colour is concerned, 
Major confines himself to individual colours, while Cohn investigates 
also the wider problem of the hedonic tone of colour combinations, 
and, so far as can be learnt, his work is the only experimental inves- 
tigation of the subject, prior to that reported in this article. 

Cohn used for his tests gelatine films, of which he had fifteen.' 
The observer was placed in a dark chamber and the gelatine films 
were interchanged in an opening in the wall of the chamber, so that 
the observer saw, hi the case of the investigation of individual colours, 
only a single colour, and, in the case of the investigation of the 
colour combinations, two colours side by side, against a black back- 
ground. For the series of experiments on individual colours he had 
seven observers, three of whom gave two judgments each. In his 
scale of agreeableness, as deduced from these experiments, while 
blue-green and blue are first, green and green-blue come about half 
way down, the reds between these, and lowest of all yellow/ He sums 
up his results on the comparative agreeableness of the individual 
colours in the following paragraph: 

" Von zwei Nuancen derselben Farbe gefallt die gesattigtere besser. 
Auch unter elner Reihe verschiedener Farben werden im allgemeinen 

* Cohn, Experimentelle Unter$uchutigen tibgr die Oefuhhbetonvng der Farhen, etc. 
(PhiloBoph. Stndien, Vol X, p. 622, et ieq,) 

* Major, On the affective tone of eimple eente impre$tion$, (American Joarnal of 
Psychology, Vol. VII, p. 67, et §eq,) 

' For the preparation of these tests see Philosophische Stadien, Vol. X, p. 573: 
*IWd. p. 674. 
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• 

die gesattigteren bevorziigt. IJnter annahenid gleichgesattigten Far- 
ben scheint die Bevorzugung auf rein individuellen Neigimgen zu 
beruhen. Nur das Gelbe diirfte fiir die Mehrzahl hinter den anderen 
Farben zuriickstehen, auch wenn es ganz gesattigt hi. Jedoch reichen 
die vorliegenden Beobachtungen nicht aus sich ein Urtheil iiber die 
Tragweite dieser letzteren Behauptung zu bilden/' * 

Major used the Milton Bradley colours, of which he had in all 
137. These 137 qualities were composed as follows: " Nineteen fully 
saturated or typical colours, and for each of these two less saturated 
qualities, obtained by the inter-mixture of different degrees of black, 
and two obtained by the intennixture of white/' These are the re- 
gular classified papers of the Milton Bradley Company. The other 
forty-two were made up of a number of unclassified papers which 
Major himself ordered. In addition to these colours he had ten 
different greys*. 

His method of experiment was as follows. Squares of six centi- 
metres to the side were cut from the stimulus papers. These were ex- 
posed in two different experimental series upon card-board back- 
grounds of white and black respectively, beginning with the darkest 
shade of the colour and proceeding through the point of highest 
saturation to the lightest tint, or vice versa. This was done with all the 
colours in a regular order according to the spectral arrangement. No 
two saturations were seen at the same time. The observers sat with 
closed eyes two metres from the card upon which the stimulus paper 
was exposed and a definite time was allowed for the exposure of the 
colour and the recording of the judgment. Major had four observers.' 

In comparing Major's results with Cohn's we find that the differ- 
ences of the individual observers were very marked. Not only is this 
seen in the fact that in certain points, for example, the unpleasantness 
of the yellow. Major's results do not confirm Cohn's conclusion, but 
if we analyze Cohn's results somewhat closely we shall find marked 
individual differences in his own observers. For example the point 
of least pleasantness occurs for three of them in the violet and violet- 

^ Ibid, p. 599. (Translation : Of two shades of the same colour the more satur- 
ated is the more pleasing. Also among a series of different colours the more satur- 
ated are generally preferred. If the colours are equal in saturation, the preference 
seems to rest purely on individual predilection. For the majority, only yellow fell 
hehind the others even when quite saturated. However the above observations are 
not enough to determine the full extent of this last assertion.) 

' Bee American Journal of Psychology. V41. VII, p. 58. 

*Ihid. pp. 07 and 68. 
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purple, for one in blue-green, and for the other three in yellow and 
orange-yellow. It is the average only that gives the result that yellow 
is the least pleasant, and striking an average in such a case is very 
clearly a doubtful method of reaching any important conclusion. 
Taking the combined results of Cohn and Major we find no confirma- 
tion of Grant Allen's theory that the red-orange end of the spectrum 
is decidedly the most pleasant, and that the blue-green region is the 
least pleasant. 

In order to lead up to a general criticism of this experimental 
work on individual colours we may take the conclusions regarding 
yellow, and use these as illustrative of the possibilities which such a 
conclusion as Cohn's seems to leave out of account. It will be remem- 
bered that he found yellow the least pleasant of all the colours. But 
the question arises whether this aversion — if such there be — ^to yellow 
is to yellow as such or to yellow in certain objects and in certain 
combinations. Xobody dislikes yellow when endued with metallic 
lustre, as for instance in golden ornaments, which blend with almost 
any colour. The golden yellow of a field of ripe grain also gives 
pleasure universally. One may say that it is the metallic lustre in the 
one case and the motion in the other which gives the colour its beauty, 
but if yellow were unpleasant in itself these accessories could not 
make it beautiful. Yellow in its lower shades — e,g., brown — is a 
favourite colour both in house-painting and in dress, and even in its 
brighter tints it is much chosen in glossy textures, such as silk. 

One reason why yellow is rejected for some purposes is that 
when in full saturation it is the brightest of all the colours, and con- 
sequently reveals the slightest flaw and suspicion of fading. Baron 
Reichenbach believed that persons sensitive to the " od " * have a dis- 
like to yellow. Professor Kirschmann thinks that since the discovery 
of the/'x" rays, the theory of Reichenbach deserves renewed consid- 
eration. It may be that there are persons sensitive to rays not visible 
to the average person, or very much more sensitive to weak stimula- 
tions. In that case they may dislike yellow, not on account of its 
colour quality but on account of the intensity. 

In any case the results of an investigation of the comparative 
agreeableness of individual colours must prove unsatisfactory for 
several reasons. First, there is the almost insurmountable difficulty 
of eliminating the influence of previous impressions and associations 

^ The ** od '* is sapposed to be a fine ethereal matter radiating from graves and 
from the poles of magnets, eto. 
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with special objects, situations, etc. Secondly, it is impossible to judge 
of one colour unless the whole field of vision be filled with it.^ In 
both Major's and Cohn's experiments there was a combination with 
colourless light (either black or white). But even if the whole field 
of vision be filled with one colour, the judgment is not yet made on 
the afFective merits of the colour quality alone, but possibly on the 
extension as well. For example, for many persons purple-red is a 
favourite colour when used in limited extension, but scarcely anybody 
would like a red which would fill the whole field of vision. The 
spacial extension is certainly not irrelevant. Large surfaces of yellow, 
green and blue are pleasing, but the colours of the ends of the 
spectrum, especially red, orange and purple, are usually found to be 
pleasing only in limited extension. This may, however, be the result 
of adaptation, since nature is very prodigal in the colours of medium 
refrangibility (yellow, green, and blue), and rather sparingly throws in 
the spots of red, violet and purple. 

II 

HISTORY OF THE PROBLEM — Contifwed 
THE iESTHETIC VALUE OF COLOURS IN COMBINATION 

A much more important problem than the aesthetic value of 
isolated colours is that of the aesthetic value of colours in combina- 
tion.^ The majority of writers who have expressed opinions on this 
subject hold that complementary colours make the most pleasant com- 
binations. Alberti and Da Vinci, artists of the Benaissance, were of 
this opinion. Alberti says, ** Pleasure will arise when a colour is 
strongly differentiated from the one which stands beside it." lie 
advocates the juxtaposition of bright and dark colours. Da Vinci 
thinks that there should be a contrast, both of colour tone and inten- 
sity.' 

The reason, according to Chevreul, that complementary colours 
make a pleasant combination is because being so far removed from 

Mt is not here forgotten that the retina is not equally seneitive at all points for 
different oolonrs, bat as Kirschmann has noticed in his article on the snbject, if the 
field of rision be filled objectively with the same coloor, no differences are noticed. 
{Die HeUigheiU'EmpHndung im indireeten Sihen, Phil. Stad. V, p. 478.) 

' As the works of several of the authors to whose opinions reference is made 
were not accessible to the writer, their theories are taken to be as stated in the 
article of Jonas Cohn already cited. 

* Cohn, ExperimentelU Untersuehungint etc., chap. 8. (Philosoph. Stndien, 
vol. X.) 
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each oth6r, they cannot have a mutually injurious effect.* If the 
colours though not complementary are so far apart that they cannot 
injure each other, the combination is still pleasant.* Colours near 
together in the colour circle may make a pleasant combination, but it 
is exceedingly rare to find a combination which is not either re- 
ciprocally injurious or, at least, injurious to one of the two combining 
colours. If we place, for example, a blue near to a green, the blue 
appears to approach violet and the green yellow. Hence arises what is 
called the damaging contrast discovered by Chevreul. Such combina- 
tions he thinks bad. Chevreul notices that the effect of the combin- 
ation is modified by the gloss of the surface and still more by the 
form.* As an example of the former he gives the effect of gloss in 
the plumage of certain birds. This gloss, or metallic lustre, so affects 
the combination that it makes pleasant what might otherwise be an 
unpleasant combination. As examples of the effect of form he refers 
to flowers. There are certain combinations which would be objection- 
able in plane surfaces, but as seen in flowers are decidedly pleasant. 

Grant Allen's views on combinations of colours have already been 
quoted. Special attention, however, must be paid to his statements 
that colours lying near together in the colour circle do not harmonize, 
and that the combinations of complementary colours are the most 
agreeable. 

Sully lays down the following rules concerning colour combina- 
tions: (1) Combinations which seem to be pleasant include both wide 
and narrow intervals. (2) In combining colours for the purpose of 
investigating the aesthetic value of their combination we must give 
them an equal degree of brightness, for if one colour is much darker 
than another the contrast may please through the contrast of light 
and dark. (3) The presence of a third colour affects the degree of 
affinity of the two colours.* In connection with the first rule, he gives 
the following reason why complementary colours are the most agree- 
able. It is, he says, because such combinations give a sense of com- 
pleteness, for we need unity as well as variety. He thinks that the 
same sense of completeness is found in the trials — red, yellow and 
blue; orange, green and violet. In this explanation it will be noticed 
that the emphasis is placed upon unity. It is evident that in all 

* Chevreul, De la Lot du Contratte Simultan^ da CouUun, p. 465, par. 857. 
« Ibid., p. 84, par. 178. 

* Ibid., p. 468, par. 854. 

* Sully, Harmony ofColoun. (Mind, vol. IV., p. 172.) 
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colour combinations variety exists, hence variety — or the mere fact 
that there is a colour combination — is not the only factor necessary to 
an agreeable combination. The question then comes to be whether 
this " completeness " or " unity," which Sully finds in the combina- 
tion of complementary colours, is something which inheres in the 
sensations. To this the results of our experiments give the unequivocal 
answer, no; for, aa will be seen by reference to them, the combination 
of complementary colours is by no means the most pleasant. If this 
" completeness " or " unity '* does not inhere in the sensations, is it 
not probable that Sully is speaking in the light of his knowledge that 
complementary colours are those which, when mixed in certain pro- 
portions, give colourless light? If this is the unity to which he 
refers it is clear that the combination of complementaries will be neces- 
sarily agreeable only to those who know the physical fact. 

Briicke says that small intervals please if the distribution of in- 
tensity and the difference in quality correspond to the natural effect 
of shadow. An example may illustrate the meaning of the proposi- 
tion. The quality of light is not perfectly independent of the inten- 
sity. If we change the intensity of a colour considerably we change, 
at least slightly, the quality also. Increase of luminosity causes the 
colour tone to shift towards the orange-yellow, the most intensive of 
the constituents of white light; decrease of brightness, on the other 
hand, shifts the colour tone somewhat in the direction of the violet- 
blue, the darkest region of the spectrum or colour-circle. This is the 
so called phenomenon of Purkinje. If, then, a shadow be cast on a 
red surface, the shadow, though still red, will be a rather purplish 
red. A strong light thrown on the same surface, on the other hand, 
will give it a tendency towards the orange. Now Briicke's idea is that 
in combining similar colours we must take our selection in analogy 
with the above facts. If we wish to combine a red with a neighbour- 
ing but brighter colour, it must be an orange-red or orange. But 
if the other component is to be darker, we ought to choose it on the 
purplish side, i.e., a reddish purple or purple. 

Von B6zold correctly holds that the greatest beauty is reached, 
not with complementary colours, which he finds harsh, but with 
colours a little removed from the complementary. He says that com- 
binations at medium intervals are unpleasant; first, because of their 
undetermined nature, — they show neither approaching similarity nor 
sufficient opposition — and secondly, because of contrast.* 

* Cohn, ExperimenUlU UnUrtuehungen, etc., ohap. 8, (PhiloBoph. Stadien, voL X.) 
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Alfred Lehmann in his Elementary Colour Aesthetics (published 
in Danish^) lays down two laws, of equivalence and of induction. Two 
combining colours should hold the attention with equal strength. 
This is accomplished by giving the less saturated colour a greater 
extension. Lehmann has presented for proof of this law twenty trials 
according to the " Herstellung ^' method. He has, says Cohn, open- 
ed up the way for further investigations, but the number of trials was 
not sufficient to form a basis for valid conclusions. 

Wundt* lays due emphasis on the importance of the affective 
character of the components as an element in the aesthetic value of 
the combination, the difference of the quality being a second 
element. With respect to the latter point he says: " Eine unbefangene 
Beobachtung muss jedoch in dieser Beziehung wohl bei der 
Bemerkung stehen bleiben dass contrastierende Farben in ihrer 
sinnlichen Wirkung sich heben, verwandte Farben aber verschiedene 
Abstufungen einer in ihrem Grundcharakter iibereinstimmenden 
Wirkung hervorbringen/' That is, contrasting colours add mutually 
to one another in their sensuous effects, while closely related colours 
please by producing effects which agree in their fundamental aesthetic 
character. Wundt, however, adds that this rule is far from having a 
determining value for colour combinations, since the aesthetic value of 
these depends so much also on the sensuous effect of the single 
colours, and on the relations which we are accustomed to see in 
nature. This view is in agreement with the results reached in our 
investigation as long as it is kept in mind that the terms contrasting 
colours and complementary colours are by no means identical. When 
the difference in quality of two colours has reached its maximum, as 
in the case of fully saturated complementary colours, this difference 
can manifestly not be increased by contrast.* Consequently comple- 
mentary colours are properly speaking not contrasting colours, al- 
though each of them induces the other in colourless surfaces. 

Professor Kirschmann thinks with Von Bezold that the most 
pleasant combinations will be found with colours not at, but near the 
complementary. The eye demands contrast, and is hurt by lack of 
variety and change. He also strongly holds the view that the exten- 
sion of the surface is by no means unimportant. Colour theories have 
hitherto failed to evolve rules of any value for the combination of 

1 Favemei EUmentaere jEttetik, 

> Wondt, Phytiologiiche Ptyelioloffie (4th ed.), vol. II., p. 237, et feq, 
' Cf. Eirflohmann, Ueber diequantitativenVerhaltniae dei iimultanen HeWghHt- 
und Farbeneontrattet. (PhiloB. Stndien, vol. VI. p. 486). 
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colours, just because of the great number of variations and combina- 
tions possible. There should, he says, always be taken into account 
variability of tone, of saturation, of intensity, of shape, and of size; 
and he insists that when all these variables are taken into considera- 
tion any two colours can be made to combine harmoniously, and that 
until we have tried all the possibilities of any two colours, we cannot 
say that they will not blend.* 



For the history of experimental work on the aesthetics of colour 
combination, the paper of Jonas Cohn, already referred to, is the 
principal authority. Although the experimental investigation of 
colour combinations is of comparatively recent introduction, the in- 
vestigation of combinations involving other variables dates back to 
the time of Fechner. 

Different theories had been advanced concerning the compara- 
tive pleasurableness of various forms. Home (Lord Kames), for in- 
stance, had said that a square is more beautiful than a parallelogram 

^ Kirschmanh, On tha ^$thetic Signifieanci qf Light and Colour ControMt, 
(Philofl. Stadien, vol. VII., p. 391). In his lectaret on psyohologioal optios, Pro- 
fessor Eirschmann makes the following propositions as provisional rales until 
something more definite has heen established on the basis of a thorough analysis of 
the facts : — 

(1) Oar sense of sight seems to find pleasure in combinations (of two compon- 
ents) with a maximum, or at least a great contrast effect. It must be noticed here 
that the greatest contrast effect is not reached by the greatest differences. 

(2) The contrast in operation may be either that of colour, saturation or light 
(intensity). 

(3) It is not in the combination of complementary colours that we have the 
best effects but in those which, through contrast, are brought nearer to the appear- 
ance of complementaries. 

(4) Combinations of different saturation degrees (practically shades and tints) 
of the same colour or of very similar colours are also found to be pleasant. 

(5) In cases where colour contrast and saturation contrast are absent or weak, 
the intensity contrast may replace them. 

(6) Colourless light harmonizes with every colour if chosen of the right intensity. 

(7) For any two quaUties of the colour circle there can he found degreei of tatura- 
tion and brightnett in which they will form an agreeable eonUnnation. 

(8) Colours of high saturation and of equal brightness (complementary colours 
not excepted) when combined do not make combinations of marked agreeableness. 

(9) The absolute and relative extension and the space configuration (shape, lo- 
cation, etc) of the components have a great effect on the pleasurableness of the 
combinations. 

(10) The hedonic tone of the components is a factor not to be neglected when 
considering the esthetic effect of a colour combination. 
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because more regular, and a circle than a square because more simple.^ 
Fechner maintained that the actual pleasurableness of these various 
forms must be tested, and he set about devising means of doing bo. 
Three methods of investigation were distinguished by him as follows: 
(1) Ths Statistical Method, by which account is taken of several com- 
binations in actual use, e,g., those found in a certain number of draw- 
ing-rooms. This, as has been shown by Cohn, is not an experimental 
method, for the most important characteristic of experiment, the 
systematic change of the conditions, is lacking. (2) The Method of 
Production, according to which the observer is asked to produce a 
pleasant combination. (3) The Method of Choice. The second is really 
a method of choice as well as the third, for the observer in producing 
a pleasant combination is, in fact, exercising choice. The method of 
choice is the one employed by Fechner himself. Witmer * varied the 
method by using two figures only at a time. This is what Cohn 
calls the method of comparison by pairs and is the method which 
he himself applies to the combination of colours. 

Cohn made two series of experiments, the first with pigment 
colours, the second with gelatine preparations. In the first series of 
experiments he took ten pigment colours, representing ten positions 
on the colour circle. These colours were chosen with special refer- 
ence to the complementaries.* He placed before the observer two 
combinations — ^for example green with blue, and green with orange. 
The observer was then asked which of the combinations was the more 
pleasant. As each colour was combined with every other colour 

10 X 9 
there would be possible — ^ = 46 combinations. He had six 

observers. The results of his observations were represented by a 
curve. He found that the combinations were more pleasing in regular 
progression as the colours approached the complementary relation.* 
It is not easy to understand how he got so regular a curve unless 
that with such a small number of colours, and these chosen with 
special reference to the complementaries, the complications which 
might have arisen from the use of a greater number of transitional 
colours were avoided. 

^ Lord Eames, Elementi of Critieitm, oh. 3 : On Beauty. 
» Philoe. Stadien, vol. IX., p. 96, et $eq. 

' It is not evident how Cohn determined the complementary relation of his 
colours. 

* Phil. Studien, vol. X., p. 574. 
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In Cohn's second series of experiments instead of using pig- 
ments he used gelatine preparations. This part of Cohn's work is 
referred to above (p. 32) in regard both to the gelatine preparations 
and also to the method of experiment. In these experiments the 
observ^er saw two colours at a time and was asked to judge as to the 
pleasantness of the combination. The results of this series of experi- 
ments, like those with pigments, show that the greatest possible 
difference is what pleases best. 

Cohn claims certain advantages for this method over the experi- 
ments with pigments — (1) the darker chamber can be employed, (2) 
the obsen-'er is freed from the experimenter's judgment, (3) pure 
colours are used. As to the purity of his film preparations, his table 
does not give a clear statement.* lie does not say for what aperture 
of the slit of the spectroscope his notation of the wave lengths is 
valid. If we compare the astonishingly small regions of the spectrum 
which he claims to isolate, > sometimes by not more than two films, 
with the gelatine combinations described by the originator of this 
method of producing comparatively monochromatic light, we must 
conclude either that Cohn's gelatine films were of an absorbing 
power far superior to those employed by Kirschmann, or that he 
used for his spectroscopical examination such an extremely narrow 
aperture of the slit that it would but poorly correspond to the in- 
tensity of light to which the gelatine preparations were subjected in 
Kirschmann's experiments.* 

A second criticism that can be made on Cohn's experiments is 
that he had obviously no means of excluding differences of ijiten- 
^ity. Further, Iftie relative agreeableness of the individual colours 
should not have been taken until after the judgments on the combin- 
ations had been given. There is in every judgment on a combination 
not only the affective tone of the combination but combined with this 
the affective tone of each of the individual colours. To call attention 
to the individual colours first gives the affective tone of these too pro- 
minent a place in the judgment. It would seem also that this method 
could not furnish a definite scale of the agreeableness of the com- 
binations, for these were never compared with one another, there 
being only one combination before the observer at a time. Thus the 
observer, although expected to give an absolute judgment on the com- 
bination before him, was subject to all the influences which spring 

> Ibid,, vol. X., p. 674. 

' KinohmaDn, Ueher dU Htnttllung momochromatiichin Lichtei, (Philoe. Stodien, 
vol, VII., p. 548 et teq.) 

Ui . 
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from the succession in which the combinations were shown. The 
errors resulting from this circumstance could only be avoided by ex- 
hausting all the possible variations in the succession^ a task which 
could, of course, never be carried out. 

Miss H. B. MacDougall performed some experiments in the 
Psychological Laboratory of the University of Toronto on the aesthetic 
value of colour combinations. She used Prang's standard pigment 
colours mounted on pieces of card-board 83 mm. by 33.5 mm. In- 
stead of taking ten colours, as did Cohn, she took twenty-four. With 
each of the twenty-four was combined each of the other twenty-three 
in turn. All the colours were placed upon a table covered with black 
velvet and beside each of these was placed the constant, or combining 
colour. The observer was asked to pick out from among all the com- 
binations before him those which he found pleasant, and from among 
these the most pleasant. The same process was followed in the case 
of all the twenty-four colours. The number of combinations was 

thus — ^ = 276, just six times as many as Cohn employed. 

In the report of her year's work Miss MacDougall, after referring 
to the comparatively small number of experiments made, nevertheless 
finds the following conclusions warranted: — (1) Individuals differ in 
their judgments of the agreeableness and disagreeableness of colours; 
and (2) the judgments of the same individual, at different times, do 
not vary to any great extent. 

In relation to Miss MacDougall's conclusions it may be noted 
here by anticipation, that her second conclusion is fully supported 
by the results of the experiments of the writer, and that the first con- 
clusion is open to the same criticism as the experimental work of 
Cohn and Major, viz., no such general conclusion! can be drawn from 
the experiments of a small number of individuals. Though diversity 
may be proved from a few observers, a fundamental agreement with 
regard to certain tendencies of preference (in spite of diversities) can 
only reveal itself with a large number of observers. 

Ill 

EXPERIMENTAL WORK 

The problem at which Miss MacDougall had been working was 
subsequently taken up by the writer. As before stated. Prang's 
standard colours were used. With some other investigators the 
Milton Bradley colours have been more in favour as they are in some 
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cases more saturated than the Prang colours, notably in some of the 
so-called principal colours, as blue and orange. For many purposes 
the Milton Bradley colours are preferable, but for our investigation a 
6erie6 of colours was needed in which no individual colours possessed 
a special attraction on account of greater brilliancy or saturation. 

The procedure in the experiments was the same as that followed 
by Miss MaijDougall;* but instead of only one observer at a time, as 
in Miss MacDougalFs series, from three to five were employed. It thus 
became necessary to enforce very strictly the rule that there should 
be no communication regarding the experiment among the observers; 
slips of paper were prepared in which each observer recorded his 
judgments according to a regular method. As the value of all such 
experiments must depend upon the possibility of securing the 
observer's unbiassed judgment in the combinations presented, it will 
at once be seen that by these precautions we avoided the possible 
diflSculty mentioned by Oohn* of the observer being prejudiced by 
the judgment of others. 

Another difficulty to which both Cohn and Major have called 
attention is the dependence of the judgment of the individual upon 
his ' mood,' which means that the simple sense impression would not 
in such cases determine the judgment. A mood in a person 
indicates essentially the predominance of a certain class of associated 
factors in the presentations in consciousness at the time. What does 
not seem to be adequately realized is that there is no essential differ- 
ence between the associations in which colour combinations stand and 
the influence of varying moods upon the judgment. A mood will have 
an influence in changing one's judgment regarding the agreeableness 
of colour combinations only in so far as the associated elements are 
taken dnto account, or are operative.* It is to be noticed, then, that 

1 See p. 42. ' Philofl. Stndien, vol. X, p. 671, et $eq, 

' The term * mood,' thoDf^h often used, does not seem to hare been defined. It 
is generally need to express only some ontstanding condition of oonBcionsnesB, ■acta 
ai diaoonraijement, joyfnlnese, despondency, etc. In so far as the term * mood ' 
refers merely to a condition of consdonsnesa,. withont any reference to that condi* 
tion being somewhat striking, or oat of the ordinary, it is obvioas that the condition 
of consoioasness can always be called a mood. To do so, however, is to make the 
term qnite meaningless. The fact that there are peoaliar conditions of consoioas- 
ness, saoh as those noticed, evidently does not mean that consoioasness is, so far as 
its general laws are concerned, one whit different from the ordinary experiences. 
Therefore the moods have simply to do with special contents of consoioasness which 
are inter-related, or associated with other elements exactly as the contents of con- 
soioasness are always associated. 
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great variations in individual judgment, or, what is the same thing, 
lack of unifonnity in the judgment given by the same individual at 
different times, are to be attributed to the presence, or more properly 
speaking the predominance of associated factors in the judgpient. It 
would seem as if these associational factors are. much more likely to 
predominate in judgments of individual colours than in judgments of 
colour combinations. Still, a strong prejudice with regard to an in- 
dividual colour will have a certain influence on the judgment of any 
combination in which that colour occurs. A striking illustration of 
thi« occurred in the case of one of our observers, a young Greek, who 
found among the colours used the green which is the colour of which 
the Turk^s turban is made. He not only disliked the colour itself, 
but he found almost all the combinations disagreeable in which that 
colour occurred. 

With these difficulties in mind we were careful to ask the ob- 
servers to let the simple sense impression determine their judgment,, 
that is, to say only whether the combinations as submitted were 
pleasant or unpleasant. To carry out these instructions involves in 
an observer several conditions which, however much desired by the 
observer himself, are not easily attained. Among them two may be 
mentioned, (1) the absence of all preconceived theories as to which 
colours make pleasant combinations, and (2) the disregard of all ques- 
tions of utility in respect to colour combinations, for example the 
association of the combinations with dress, decorations, etc. It is 
evident that an observer would not be at all likely to make use of 
his theor}', or to associate the combination with such objects as those 
mentioned, without being conscious of doing so, therefore the desired 
conditions may be reached if the observers are really careful in their 
work. The difference between these conditions and that alrectdy 
noticed in the case of one who habitually dislikes a certain colour — 
through whatever experiences this condition has been reached — 
is decidedly marked. No amount of care can at a moment's notice 
eliminate such a dislike, as the case of the Greek, already mentioned,, 
will shew. Among our observers there was found this single case 
only of marked dislike, and the curves which follow will shew very 
clearly that the observers must have eliminated very largely the 
other factors from their judgments, or there could never have been 
such agreement as is indicated by the sharply decided and constant 
maximal and minimal points. 
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The room in which the experiments were conducted was lighted 
altogether from above, and was in a part of the building where there 
were no distracting influences. The nature of the lighting (by sky- 
light) made it possible to have all the observers close enough to the 
table on which the colours were placed without casting any shadows. 
For convenience we designated the colours by numbers. By reference 
to Table I it will be seen to what colours these numbers correspond. 
In the first column will be found the number as used by us, in the 
second the corresponding designations employed by Prang, and in the 
third the names which are commonly applied to the colours. Each 
colour was combined successively with all the others, and in designat- 
ing the combination the number given represents the number applied 
by us to the colour with which the constant colour is for the time 
being combined. 

The combinations were placed in two rows, (number 1 being at 
the left-hand end of the upper row with 24 immediately below it), 
on a table covered with black velvet. Each combination, which 
covered an oblong of 67 mm. by 83 mm., was separated from the 
next by an interv'al of 100 mm. In order to avoid mistakes, small 
numbers of white metal were fastened to the velvet at the head of the 
combinations. There were in all thirty observers, consisting of pro- 
fessors, the wives of professors, and men and women students from 
the different departments of the University. There were also a 
few ladies not connected with the University. 

Each of the observers underwent the series of experiments twice. 
This gave 30X2X2=120 judgments on each combination; and as there 

24 X 82 
were (as before stated) =27G combinations, this gave in all 

276X120=33,120 combinations judged, or 1,440 complete trials, each 
trial representing the choice of pleasant and most pleasant out of 24 
combinations. This investigation was pursued under the direction of 
Professor Kirschmann, to whom especial thanks are due for much 
valuable assistance. Acknowledgment should also be made here to 
Mr. A. H. Abbott, B.A., Assistant in the Psychological Laboratory, 
for the help with which he favoured us from time to time, and also to 
the ladies and gentlemen above mentioned for their painstaking work 
and the extreme care which they took in following the instructions 
given. 
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TABLE I 



NUMXBAL 

Dbsionation. 



Pbano's Designation. 



Namis of Coldubs 
Used bt us. 



1. 

2. 

S. 

4. 

5. 

6. 

7. 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



R.(r©dJ 

R. K. O. (red red orange). . . . 

R. O. (red oranfce) 

O. R. O. (orange red orange). 



O. (orange) 
O. Y. O. 



(orange yellow orange). 



Y. O. (yellow orange) 
y, Y. 6. (yellow yell. 
Y. lyeUow) . 



, Y. O. (yellow yellow orange). 



Y. X. 6. (vellow yellow green) , 

Y. 6. (yellow-green) 

6. Y. 6. (gre^n yellow green). . . 

G. (green) 

6. B. 6. (green blue green) 

B. 6. (blue green) 

B. 'B. G. (blue bhiefrseen) 

B.(blue) 

B. B. V. (blue blue violet) 

B. V. (blue violet) 

V. B. V. (violet blue violet) . . . . 

V.(yiolet) 

V. R. V. (violet red violet) 

R. V. (red violet) 

R. R. v. (red red violet) 



Purplish red. 
Red. 

Orange red. 
Reddish orange. 
Orange. 

Yellowish orange. 
Yellow orange. 
Orange yellow. 
Yellow. 
Green yellow. 
Yellow green. 
Yellowish green. 
Green. 
Blue green. 
Green blue. 
Blue. 

Violetish blue. 
Violet blua 
Blue violet. 
Violet. 

Purplish violet 
Purple violet 
Violetish purple. 
Purple. 
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In Table I we give the colours used and their designation. Tables 
II to V inclusive represent the tabulated results of all these experi- 
ments^ Tables II and HI representing the pleasant combinations and 
Tables IV and V the most pleasant In Table II the numbers at 
the top in horizontal order represent the * combining colours.* ^ Those 
at the left in vertical order represent the colours which were com* 
bined with the * combining colours.' Thus when 1 was the * com- 
bining colour* it was chosen four times with 2, eight times with 3, 
eleven times with 4, etc., as a pleasant combination. Table IV is 
analogous to Table II, representing the most pleasant combinations. 

Each of these combinations appeared twice; for example, 1 ap- 
peared with 3 once, when 1 was the * combining colour* and again 
when 3 was the ' combining colour,' it being chosen 8 times in the 
first instance and 6 times in the second as a pleasant combination.- 
In Tables II and IV the two cases are expressed separately, the former 
being found in the lower triangle (to the left), the latter in the upper 
triangle (to the right). In Tables III and V they are combined; 
consequently each number in those tables indicates how often the 
combination of the colours found at the end of the vertical and hori- 
zontal series which cross each other there was chosen. 

In Tables II and IV each of the sums of the vertical columns 
represents the total number of judgments of * pleasant* and *most 
pleasant* respectively when the colour, indicated by the number at 
the head of the column, was the 'combining colour,* whereas the sums 
of the horizontal series give the total when the colour indicated by the 
number at the opposite end of the line was combined with each of 
the others respectively. The number at the lower right-hand comer of 
each table gives the totality of the combinations selected. 

In Tables III and V each of the numbers at the diagonal indi- 
cates the sum total of all the judgments for the colour whose number 
is found at the head of the column and also at the right-hand end 
of the horizontal. For example 1043 indicates the sum total of all 
the judgments of ' pleasant * for the colour 7.' 

Just here we should like to notice how the space error eliminated 
itself. We have already referred to the fact that each combination 
appeared twice. The * combining colour* was always placed as the 

1 By * combining colonr' is meant the colonr which in each of the 24 oombina-' 
ations that constitnted one complete trial was the same. 
'See Table II. 
' Bee Table III. 
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Tight-hand member of the combination; therefore each colour appeared 
once on the right and once on the left of the combination, on the 
right when it was the combining colour, on the left when it was com- 
bined with any other. 

Although these tables give a complete statement of the results 
in the smallest possible space they do not permit us to take in at a 
glance the chief characteristics; therefore, in order that this may 
be done, these results have been expressed in curves,^ representing 
the results as shown in Tables III and V. The Roman numerals by 
which the cur\'e8 are designated correspond to the numbers of the 
•colours. Thus, Curve I represents the results of all the combinations 
in which the colour 1 took part. Curve II the results of those in 
which the colour 2 took part, etc. The upper, curve represents in 
-esLch case the pleasant combinations, the lower the most pleasant. 

The abscissa line represents the twenty-four colour intervals in 
spectral order. The length of the ordinates indicates the frequency 
with which each colour was chosen as a pleasant and most pleasant 
combination respectively with the colour indicated by the number of 
the curve. Thus the height of the ordinates in any of the curves 
is taken directly from Tables III and V respectively, which will 
readily be understood by reference to those tables. 
' Curves I to XXIV, 
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A glance through the twenty-four curves will immediately re- 
veal a vast difference in the behaviour of the different colours. While 
some of the curves axe sharply peaked and reach to a great height^ 
others, although covering a greater surface, are flattened at the top 
and keep at a moderate height. Some are rugged while others have- 
conspicuously rounded comers. Upon closer inspection we find that 
we can distinguish among them types characterized by distinctly differ- 
ent shapes. 

Curves XXIV, I, II and III, representing the combinations with* 
purple and red as * combining colours,* have two outstanding maxima 
in the curves for the pleasant combinations, the major of which is 
at 10-11 (greenish-yellow), the minor at 18 (violet-blue). The maxi- 
mum of the curve representing the most pleasant combinations, which- 
is at 14 (blue-green), does not coincide with that of the curve above. 
There are, however, two minor maxima constant in the four curves, 
at 10 and at 17 (violetish-blue), and there is also a minimum in the 
lower curve at 16 which throughout coincides with the decided^ 
minimum in the upper curve. Curve XXIV leads now to the type 
to which XXIII belongs in showing the yellow-green already as pro- 
minent as blue-green, and the fourth maximum already makes it». 
appearance. 

Curves IV to X, in which the * combining colour' is yellow or 
in the vicinity of yellow, show distinctly different features although 
Curve IV forms the transition between this and the first type. In- 
stead of one decided maximum in the curve of pleasantness we have- 
a number of maxima of almost equal height. The curves at the 
ends of the type are, to some extent, an exception, Curve IV she\\'ing 
still great similarity to the red type, while Curve X has already much 
of the characteristic of the green type. The curves for the most 
pleasant combinations shew similar features in IV, V, VI, and VII, 
where there are no decided maxima and the curve is not high gen- 
erally. It becomes higher in VIII, TX and X, "and in X it has already 
assumed its decidedly peak-shaped form. The principal maximum 
^n^dually shifts from 22 in IV to 14 in VII, and then goes back to 
22 in X. 

Curve X leads over to the next type consisting of the curves from 
XI to XIV. In the colours which these curves represent green pre- 
dominates. In these also the maxima of the pleasant combinations 
are not very decided, but more decided than in the former group. 
In Curve XI the maximum is at 3, the yellow 7-9 showing a marked' 
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tendency to rise. In the following Curves XII and XIII, the yellow 
is struggling for supremacy and in XIV and XV it has decidedly 
attained it. 

The regularity of the gradual changes can be seen very plainly 
by tracing the course of one of the maxima or minima, e.g,, the colour 
18, representing one of the minor maxima. In Curve X its ordinate 
is 62, in XI it has gone down to 45, in XII it is 27, in XIII 25, in 
XIV 23, and in XV 21. Its continued course downward is still 
apparent in the first curve of the next type, where it has gone down 
to 13. Let us take also the minor maximum found at 14. In Curve 
IX the value of its ordinate is 63, in Curve X, 57; in Curve XI, 41; 
in Curve XII, 22; in Curve XIII, 10; and in Curve XIV it is of 
course zero. 

In the curve for the most pleasant combination, the decided 
maximum at the purple of Curs'e X is going down, flattening out 
and leaning towards the red in XI, and in Curve XII, struggling with 
another maximum that is rising at 9 (yellow). In Curves XIII and 
XIV, 1 and 9 are very equally balanced, but in XV 9 has decidedly 
got the supremacy. 

The next type includes the curves from XV (which makes the 
transition) to XVIII. The abrupt rise noticeable in the pleasant 
combination curves of the first type we find repeated in these, but it 
is now at the right. The supremacy attained by the colour 8 in 
the last type is retained throughout this group. In XV we have 
still some minor maxima which are found, though less marked, in 
XVI; but the curve is beginning to take a less jagged appearance 
and in XVII it has rounded out until there is only one maximum. 

In XIII a gradually growing similarity is apparent between 
this curve and the one that represents the most pleasant combin- 
ation, until in XV their maxima coincide. This coincidence of 
the maxima continues not only throughout this type but in the next 
also. In XV, for instance, the maximal points are at 9 in both, in 
XVI at 8 and 9 respectively, in XVII and XVIII at 8. In XIX there 
are two maxima in the * pleasant ' curve, 7 and 9, and the maximal 
point in the ' most pleasant ' curve is at one of them. In XX the 
maximal point of the * pleasant' is at 8, while the most pleasant 
has maximal points at 8 and 10. In XXI they are at 9 in the 
former and at 8 and 10 in the latter. In XXII we find the 
maximal points coinciding at 10, there being a second maximal 
point at 8 in the * pleasant * curve, and in XXIII they perfectly 
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coincide, being at 8 and 10 in both. It will be noticed 
that this marked agreement in the two curves, both in the general 
contour and in the maximal points, but especially in the latter, is 
found in those curves representing the more refrangible end of the 
spectrum — ^that is with the greens, blues and violets. 

The next group ranging from XIX to XXIII, upon which we 
have already touched in noticing the similarity between the upper 
and lower curves, includes the violets and the purples that are 
violetish. In the ' pleasant ' curve of XIX already one of the char- 
acteristics of the next type — i.e., of that first noticed — begins to 
appear. A small peak begins to arise from the right where before 
had been an abrupt fall. This occurs at 17-18, where in the first type 
is one of the more important of the minor maxima. In XIX it is 
not so high, but in XX to XXIII it becomes more decided. In XXI, 
14, which forms a second minor maximum in the first type, begins 
to appear. Neither of these has, however, sufficiently asserted itself 
to permit of there being more than one decided maximum. The 
maximum which was at 8 in the preceding group now begins to shift 
to the right. Agreement between XXII and XXIII is noticeable in 
both, 8 and 10 are equally high, their ordinates being the same, with 
an almost equal drop between them. The gradual changes to which 
attention has been called in passing from type to type may also be 
seen in passing from curve to curve. 

To sum up, it will be noticed as a general characteristic that 
the curves representing the colours that correspond to the ends of 
the spectrum and the intermediate colour, purple, are sharply pointed 
and high, rarely with an abrupt rise at the 'ends, and that their 
maximum plays between 8 in the blue and 11 in the red, whereas 
the curves representing orange and yellow — even to yellow-green — 
are of quite a diflferent shape. These are not so high, are flattened 
at the top and rise abruptly at the ends. All the others, IV on the 
one hand and those from X to XIV on the other, form the transi- 
tion. This, perhaps, will be better seen in Curves XXV to XXXVII, 
each of which represents a group of one series of colours, in com- 
bination. In order to facilitate comparison the curves are all drawn . 
in the same size as the twenty-four original curves; the ordinates, 
consequently, have diflferent values according to the number of 
curves which have been united in the combination. Each curve, 
therefore, has its scale marked at the side. 
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Curve XXV is a combination of XXIV, I, II, III and IV, and 
includes all the colours which come under the head of red. Natur- 
ally we should expect to find the same characteristics in these curves 
as in those of which they form the combination. But those charac- 
teristics are slightly modified; in XXV, for example, some of the 
minor maxima drop out, although the general characteristics remain 
the same. In order to convince the reader that the shape of the 
curve depends far less on the extension of the region which we in- 
clude in our combination than on the position of it, we give in XXVI 
also a combination of 1, 2 and 3. The omissioh of the purple and 
orange extremes of the colours which could be termed red causes 
only extremely slight changes. The curves are almost identically 
the same. 

In XXVII, XXVIII and XXIX, we see the same broad, plateau- 
like formation as in the curves of which they form the combination. 
Curve XXVIII is the representative for orange, whilst in the twa 
other curves the slight changes caused by inclination towards the 
red or yellow side may be seen. We see the maximum point of the 
* pleasant' curve travelling from 10 in the red-orange (with 22 as 
a rival), through the orange curve, in which the different maxima keep 
about on the same level, to 22 in the yellow-orange, which there 
has the undoubted supremacy. The decided minima in both the 
'pleasant' and 'most pleasant' curves at 15-16 and 19-20 are worthy 
of note. It is interesting to notice that these minima can be traced 
far into the yellow and green; they are distinctly marked in the curves 
for green and blue-green, XXXII and XXXIII. 

Curves XXX and XXXI show combinations of those colours 
which may be termed yellow. It will again be realized that the addi- 
tion of the colours 5, 6 and 10, i.e., the yellows bordering on orange 
and green respectively, does not change the general character of the 
curve. It is presumed that the reader will now have seen the signi- 
ficance of these facts, so that in the following combinations it is 
sufficient to give the curve for one extension only of the region. 

Curve XXXII (green) is a combination of all the curves of the 
third type. We have here brought together all the changes in pass- 
ing from the first curve which contains any green (yellow still pre- 
dominating) to a decided blue-green. In this combined curve it will 
be noticed that the maximum is at 2 (red) with minor maxima at 
22 and 8. 
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The gradual shifting of the abrupt rise from the right as found 
in the last type (XIX to XXIII) to the left as found in the first 
(XXIV to IV) can be seen very plainly from Curves XXXIII, XXXIV, 
XXXV, XXXVI and XXV. In XXXIV (blue) the abrupt rise is 
at the right, and the maximum at 8, in XXXV (violet) the jagged 
appearance is noticed on the right side, and in XXXVI (purple) the 
abrupt rise already referred to has shifted altogether to the left 
where it is found in XXV (red), while in all these the maximum 
remains constant. 

The fiimilarity between the ^pleasant' and 'most pleasant' 
curves, to which attention was called in the discussion of the in- 
dividual representations, can perhaps be better traced in these com- 
bination curves. In XXV and XXVI (red) there is the least resem- 
blance of any. In all the others the maximal and minimal points 
of both cun-es coincide to some ex-tent and the resemblance in the 
general contour is in many cases striking. 

Curve XXXVII represents a combination of all the curves from 
I to XXIV. As forming the most pleasant combinations with all 
the others, 8 (orange-yellow) was chosen most frequently (251 times), 
10 (yellow-green) falling just below (245 times).^ In the pleasant 
combination 8 falls a little below 10, the latter being chosen 1263 
times out of a possible 1380, the former 1203 times.^ In this com- 
bination curve we find an almost perfect coincidence between the 
curve for the pleasant and that for the most pleasant combinations. 
Both of these have, besides the absolute maximum in the yellow, 
relative maxima in the blue-green, the violetish-blue, and the violet- 
ish-purple, and decided minima in the orange, the green, the blue, 
the violet and the purple; those in the blue and violet being the 
lowest. 

' See Table V. 
> See Table III. 
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TABLE VI 
Pleasant Combinations 



Ck>MBiVATioN or 


1^ 


Ck>MBINATION OF 




Combination of 


g 


Combination 


ai 


GOLOUBft. 


CJOLOCBS. 


GOLOUBS. 


|l 


or COLOUBA. 


19-20 


2 


3-28 


1 


2—6 


X 


19-24 


}32 






6-6 


Us 


4—6 




21-24 


1—24 


r 


17-19 


J 


6-7 








16-16 






6-9 


24 


4-7 


' 






1-3 


' 


9—10 


6-9 




2-24 


}* 


6-8 


14 


18—21 




6-16 




13-15 


8-9 


18-22 




6-23 


33 






16-17 




22-24 




12—21 




3-24 


6 










16-23 








17-20 


15 


2-22 


^ 


19-28 




6-7 


J6 






11—12 


r 






14-15 


4-6 




LH-18 


1—16 








13-20 




13-21 


J 


1—21 




2-3 


}' 


16-17 








11—16 


at 


16—20 


16-21 


►16 


1-4 


' 


18-23 








19-21 




1-22 




17—23 




1—2 


^ 


21 22 




12-17 


26 






12—15 


}' 


21-28 




12-19 




1—6 


' 


^3-16 
18—19 


^*^^r r. 


17 


20-22 
6-8 


1 


2—19 

»-16 

ia-22 


35 


2—4 


\ 




12-18 


m 






16-20 


9 


7- 9 •** 


>fl8 


14-^ 


J 


1-20 


36 


16-19 








A ?0-23 


J 


2-16 


1-28 


» 


a-6 

19-22 


HR- 


4-23 .. 


28 


4—21 
11—19 


13- 14 






"\ 


16-22 




_U-16 - - 




12-16 


'I 


8-6 


29 


18-23 




15-19 


10 


12—20 


20 


11—13 






18-20 




18-19 


17-22 




4—20 


}37 


20-21 




16—21 




20-24 




17-24 


23-24 

7-8 
12—13 


\ 


4—24 
14-17 


}21 


16-24 

»-^22 
6-24 


30 
■31 


4-16 
11-20 
14-22 


u 


14-20 


)■" 






8-10 


14-23 


J 


17-18 


1 


12-14 


1 


11-15 


■ 




25^-23 


J 


13-17 


^22 


16-24 


2-17 


■v 






16-28 


J 






3-17 




2—23 


\ 






6-16 


1 


6-13 


[39 


3-4 


12 


14—18 


}23 


10-11 


\Z2 


6-24 




16-18 


J 


17—21 


16-22 


) 


7-24 
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TABLE VI 
Pleasant CJombinations — Contintied 



Combination or 


ai 


Combination or 


ai 


Combination or 


al 


Combination 


ai 


Ck>L0CB8. 


COLOUBS. 


COLOUBS. 


OF Coloubb. 




so 




so 




so 




*o 




H 




^ 




H 




H 


1-17 




1—16 


1 .a 


2-14 


' 


2— 8 


^ 


8- 7 




6-10 / •"! 


6-22 




4-10 


l« 


3-15 








8-11 


65 


10-18 


8—19 


40 


5-12 


•47 


10—18 




10-20 


J 


8-20 


10-12 


11-24 








4-16 












1-^ 4 


" 


4-17 




1-13 


^ 


3-14 


^ 


8-21 ^ 




6—16 




4-9 




6-21 


- 


9-14 


68 






6-14 




8—24 


9-20 




1-19 


' 


6-19 


•48 


. 10-19 


J 


11-22 


2— 6 




6-21 


f 1 








4—19 




6-12 




8— 9 


' 


8—12 


^ 


7-16 


•41 


6-14 




6-17 




8-28 


1" 


11-14 




6-19 




7-20 


67 


10-23 


11 -17 








8-19 


10-24 


J 


18-24 


, 


9-24 


}49 


10-14 












12—24 


10-17 




8—20 


65 


2-20 


" 














2-21 




1-18 


•< 


1-8 


\ 


10-21 


66 


8-21 




2-7 


•60 


6-18 








6-17 




8—16 




7-14 




9-17 


. 67 


6-11 


42 






7-18 








6-23 




8-18 


' 


7-23 


-68 


2-18 


" 


7—10 




3-18 




8-13 




7—17 


68 


10-16 




4—12 


61 


9-18 




9-22 




12-28 


^ 


6-20 


9-19 












7-11 




9-23 




1-11 


" 


4-22 


' 


12-22 








2-11 


69 


6-20 


43 
44 


. 




7-19 


^ 


9-21 




6-18 
18-24 

2—16 
4-18 
4-14 
5-18 
14-24 


8-12 
7-18 

1-11 
2—18 
6-10 
7-16 
9-16 


}52 
68 


7-21 

8—16 

11—28 

2— 9 
2-12 
4-11 
6-22 
7-22 


•69 
60 


8-17 

i-8 

8-10 
9-18 

8-22 
10-22 


70 
71 

}n 

}73 


1—7 


^ 






7-12 


61 


8—11 


74 


4—8 




1— 6 


■\ 


8-14 


1—10 

8-18 




6-16 
10-16 


•46 


4-18 
6-11 


64 


9-12 
9-15 


}75 


11-18 


^ 


9^-11 . 


-' 


11-21 


2-10 


76 
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TABLE VII 
Most Pleasant Combinations 





s 




6 




Q 




s 


Combination oy 


M 


Combination of 


^ 


Combination of 


i 


Combination 


4 


CohOVBB. 


ss 


Colours. 


as 


Colours. 


BS 


OF Colours. 


ss 




*JSi 




a K 




*JA 




svjs 


i 


:;» 


H^l 


E 


-M 


i 


-GQ 


1— 2 




4-7 




6-10 


10—13 




1— 3 




4—19 




7—8 




11-12 




1-2:^ 




4-23 




8—9 




11— IH 




2-3 




6-6 




8—10 




11-16 




2-24 




6-7 




10—11 




12-13 




3- 4 




6—16 




14—19 




12-18 




6- 9 


•0 


6-8 




14-20 




14-17 


>4 


6-7 


6-15 




16—20 




16-18 


12—16 




6-19 




15-21 


8 


17—23 




13-19 




6-23 




15-22 




18-21 




16-19 




7-15 




17-18 




18-23 




17—20 




9-10 


'2 


18-20 




19-22 




17-21 




12-19 


19—21 




20-24 




19—20 




13-18 
13-20 




19-23 
19—24 




21-22 




2-23 




13-21 




22-23 








3- 5 




13-22 




23-24 




1—21 


^ 


3-24 




14—15 








2-18 




7— 9 




16—21 




1-20 




2—19 




7-10 




16-22 




1-22 




3-18 




12-16 




17-19 




2-7 




3-19 




12-20 




17—22 




2-20 




4-16 




13—15 


1 


20-21 


J 


2-21 




4-18 




13—16 








2—22 




5-8 




16-16 








3-7 




6-19 




16-18 • 








4-20 




6-20 




16-19 




2— 4 


' 


4-24 




12-14 


6 


16-17 




2—6 




5—11 


4 


12-22 




16-20 




2—16 




6-13 




13-14 




18-19 


J 


3- 9 
3-20 




5—15 
6-20 




13-28 
14—18 




1-4 


\ 


3-23 


3 


6-9 




15-17 




1-16 




4—6 




6-11 




16-24 




1-24 


2 


4-8 




7-19 




20-22 




2- 6 


4—16 




7-23 




20-23 




3-16 




6-23 




7—24 




21-24 




4-6 


. 


6-24 


, 


8-11 


J 


22—24 


. 
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TABLE VII 
Most Pleasant Combinations — Continued 





c 




fi 




s 




g- 


Ck)MBINATION OF 


1 


Ck)lCRINATION OF 


s 


Combination of 


4 


Combination 


S 


Ck)I.OUBS. 


as 


Colours. 


as 


Colours. 


as 


OF Colours. 


as 




'jfi 




3« H 




ai H 




a M 




r;cQ 








h" 




h" 


1— 5 




11-14 


2-10 




9-13 


■» 


1-18 




12-17 


' 


3-17 




9-15 


U 


2-8 




14-21 


4-12 




9—21 


2—15 




18—24 


J 


4-17 




11—21 


J 


3-21 








5—14 








a-22 




1-6 




5-18 




1-10 




4—9 




1-7 




6-22 


•u 


2-14 




5-10 




2-17 




8-13 




7-14 




S-13 




3-8 




8-16 




7-17 




S-24 




3-12 


•8 


9-12 




8—20 




7-12 




4-14 




11-28 




8-2S 


16 


7-20 


6 


5-21 




12—24 




9—18 




9-23 


10-16 




17-24 




10-20 




10—12 




11-18 








11-22 




11—16 








1-12 


^ 


11-24 




11-19 




1—15 




8—19 


u 


14—24 




11-20 




2—9 




10-24 






13-21 




4—13 




12-23 


J 


8-21 


" 


13-17 




4-21 








10-21 


17 


14—16 




5—12 


9 


ft-14 




10-23 




14-23 




6-12 


7-18 








15-23 




7-21 




7-22 


18 


10-17 


18 


16-23 




9—11 




8-15 






18-22 




14—22 




9-16 




3-14 


}19 






15-24 




10-19 


} 


10—18 


1— 9 
















1-19 




1-8 




1-18 


' 


1—14 


" 


2-12 




2-11 




8—10 




9-14 


20 


2-13 




3-11 




5-17 




9-17 




3— 6 




4-10 




6-17 


14 


■ 




3—13 




6-18 




8-14 




8—22 


22 


3-15 


•7 


6-21 


10 


8-24 








4-11 




7—11 


9-19 




8-18 


}« 


6-16 




8-12 








9-22 


7-13 




9-20 




1—11 


^ 






7-16 




10—14 




1-17 


r 


8-17 


25 


9-24 




11-17 




4—22 






10-15 


^ 


13-24 


, 


5-22 


J 


10-22 


29 
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TABLE Vin 
Maxima of the Pleasant Combinations 



COLOUB 



OOMBINXD WITH 



COLOUB. 



NUMBBB OF TiMXS 

Chosen. 



Red (2) Green yeUow (10).. 

Purpliih red (1) Green yellow (10). . 

Oranire yellow (8) Violet blue (IS). . . . 

Orange red (3) Yellow green (II). . 

Orange yellow (8) Purple violet (22) . . 

Green yellow (10) Purple violet (22) . . 

Yellow (9) Violet blue (18) .... 

Orange yellow (8) Violetiah blue (17) . 

YeUow(9) Purplish violet (21) 

YeUow orange (7) Violetish blue (17) . 

Red (2) Green (13) 

Orange yellow (8) Violet (20) 

Orange yellow (8) Yellowish green (12) 



Orange yellow (8) Violetish purple (23) . 

Green yellow aO) Violetish purple (23). 

Green yellow (10) Purple (24) 



YeUow (9) Blue green (14) 

Reddish orange (4) Green yellow (10) 

Yellow (9) Green blue (15) . . 

Orange (5) Purple violet <S8) 

Orange yellow (8) Blue (16) 



Yellow orange (7) Blue violet (19). 

YeUowish orange (6) Violet blue (18). 



76 
75 
75 
74 
78 
78 
72 
70 



68 
65 
64 
64 
64 
64 
63 
62 
61 
60 
59 
50 



63 



[239] 



TABLE IX 
Maxima of the ''Most Pleasant" Combinations 



Ck>LOCB OOMBINBD WITH 



Ck)LOUB. 



NuMBKR OF Times 
Chosbn. 



Green yellow aO) Purple violet (22) . 

Orange yellow (8) Violetiah blue(17). 

Yellow (9) Purple violet (22) . 



Oranse yellow (8) Violet blue (18) 

Purpluh red (1) Blue green (14) 

Yelfow (9) Blue green ( 14) . . . . 

Orange red (8) Blue green (14) 

Orange yellow (8) Purplish violet (21) . 

Green yellow (10) Purplish violet (21) . 

Green yellow (10) Violetish purple (23) 

Red (2) Blue green (14) 



Yellow orange (7) Blue green (14) 

re(7j '•• ■ 

(11) 
Yellow green (11) Purple (24) . 



Yellow orange (7j Violetish blue (17) 

"' Purple violet (22) 



Yellow green 

Yellowgreen ^ , , 

Onige yellow (8) Violet (20). 

Green yellow (10) Violet (20) 

Blue green (14) Purple (24) 

Redduh orange (4) Purple violet (22) . . . 

Orange (5) Purple violet (22) . . . 

Yellow (9) Green (13) 

Yellow (9) Green blue (16) 

Yellowish orange (6) Violetuh blue (17) . . 

Yellow (9) Blue violet (19) 

Yellow (9) Blue (IG) 

PurplUh red (1) Yellowish green (12) 

Yellowish green (12) Violetish purple (23) 



29 
25 



20 
20 
19 
17 
17 
17 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
14 
14 
13 
12 
12 
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This total combination Curve (XXXVII) gives a representation 
of the frequency with which the individual colours are chosen in 
combinations. It does not directly reveal the frequency of the com- 
binations themselves, which, however, can be seen from the follow- 
ing tables. In Table VI the first column gives the combinations of 
colours designated by their numbers (the names of these can be 
easily ascertained from Table I); the second column shows how often 
the combination was selected as agreeable. Table VII in an ana- 
logous manner represents the frequency of the selection as a most 
agreeable combination.^ In Tables VIII and IX a further synopsis is 
given of the frequency of these combinations which figure as maxima 
in the curves. In these cases the word-designations of the colours 
have been added. It will be seen from these tables that the com- 
bination of red and reddish-purple respectively, with green-yellow, 
and the combinations between the different oranges and violet or 
violetish-blue, and those between the yellows and purples, stand fore- 
most in the scale of frequency as pleasant combinations. Among 
the others, green proper (without a tendency to yellow) and blue 
proper (without a tendency to violet) are seldom chosen. It is al- 
ways the yellowish-green and the blue tending toward red, which 
have the preference. This indicates clearly the inclination of the 
aesthetic centre of gravity towards the 'warm' side of the mani- 
foldness of colour as already noted above. It remains to be investi- 
gated whether this might not be partly due to the defects in dis- 
tribution of qualities in the Prang colour system, which is less 
differentiated in the ' cold ' than in the * warmer ' part of the mani- 
f oldness. It might be said that the observers preferred the * warmer ' 
combinations because there were more of them; but, on the other hand, 
one could just as well claim that the colder combinations would be 
preferred because, owing to their comparatively small number, they 
were more conspicuous. We think, after all, that this circumstance 
did not influence the observers. 

The attention of those who would expect a sharper separation 
of pleasant and unpleasant combinations is called to the following 
two points: (1) Pleasant and unpleasant are always relative terms, 
and therefore there is no possibility of a sharp line of demarcation; 
(2) The colours which we used were highly saturated colours, and 
the combinations of such never reach that degree of agreeableness 

^ Tables VI and VII are oonstraoted from Tables III and V respectively. 
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which is possible in combinations in which the components not only 
differ in quality but in saturation also. On the other hand, the full 
saturation of the individual components is in itself always something 
agreeable and thus prevents the combinations from dropping very 
much below the point of indifference. Indeed our observers, when 
seeing the twenty-four colours arranged on the black surface, re- 
peatedly remarked that the beauty of the individual colours was such 
that it was difficult to find combinations which were not agreeable. 

The next point to which attention is called is the bearing of the 
foregoing results upon the theories of colour aesthetics that have been 
hitherto advanced. It has already been noticed that the majority of 
writers on colour aesthetics hold that the most pleasant combinations are 
formed by complementaries. The predominance of the view mentioned 
without the support of experimental investigation makes the results 
of any experiments which really deal with the question of peculiar 
interest. Cohn, apparently having this theory in mind, chose his 
colours with special regard to the complementary relation, and partly 
for that reason, but more largely because he used so few colours his 
results (as already indicated) are far from being conclusive in prov- 
ing, as he thinks they do, that complementary colours form the 
most agreeable combinations. With only ten colours of the colour- 
circle, when an observer is asked to choose the most pleasant com- 
bination with any colour he is compelled to choose the complemen- 
tary of that colour or one at a considerable distance from it, whereas 
if there were intermediate qualities he might choose one of them. 
In our own experiments with twenty-four colours a decided prefer- 
ence for the intermediate qualities was found to be actually manifested. 

It is necessary to emphasize the fact that during the course 
of our experiments we did not know which of the colours used were 
complementary. This excluded any possibility of the observers 
being influenced by knowledge regarding complementary rela- 
tions. It was only after the experiments were completed that care- 
ful trials were made in order to determine the mutual relations of 
the colours of the Prang system. Discs were constructed of the 
pigment colours used in the experiments, and colour equations were 
made. These discs were 153 mm. in diameter and the equations were 
made by means of black and white discs 80 mm. in diameter, placed 
with them on the rotation apparatus. The results of the experiments 
are collated in Table X. The first column contains the number 
of degrees of the colours of our series from 1 to 24; the second 
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111 of 

81 of 

72 of 
62iof 
66iof 

68 of 

79 of 
94iof 

128 of 

88 of 

105 of 

182 of 

171 of 
286 of 
294 of 
270 of 
192 of 
218 of 
267 of 
283 of 
272 of 
251 of 

172 of 
107 of 



1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 



TABLE X 
Colour Equations 



GoMPLBinNTABT. 



O 

5 



[108 of 
[108 of 
[106 of 
297iof 
[162^ of 
[218 of 
[148} of 
[ 28} of 
[116 of 
277 of 
[ 88 of 
[101 of 
[ 67 of 
L 45 of 

66 of 
[ 72 of 
[188 of 
[100 of 
[ 70 of 
[ 87 of 

88 of 
[ 62 of 
[138 of 
[246 of 



4 

8 + 

9 + 
9 + 
9 + 
9 + 

10 
11 + 
18 + 
14+ 



of 15] 
of 16] 
of 16] 

of 16] 
of 16] 



of 22] 
of 23] 
of 28] 
of 24] 



14 + 146 
14 + 182 

14 + 188 
15 

15+ 41 
15+ 84 
15+182} of 16] 

15 + 242 of 16] = 

16 + 117 of 17] = 
21 

21+222 
22 + 127 
22 + 182 
28+ 80 



of 9] 
of 10] 
of 10] 
of 10] 
of 10] 

of 12] 

of 14] 
of 16] 



Intbxbitt. 



! black + 

• + 
+ 



274 
240 
289 
296 
802 
810 
815 
807 
277 
288 
140 
278 
296 
286 
296 
821 
816 



82 of white. 

41 

45 

47 

65 

67 

72 

86 
120 

71 

45 

58 

50 " 

46 

68 

88 
127 
120 

87 

64 

74 

65 

89 

45 




^'ItiU 16 
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column shows the colour or combination of colours, and their quan- 
tities, necessary to produce, when mixed with the colour of the 
first column, colourless light; the third column indicates the light- 
intensity of the combinations. Each horizontal line forms an equation 
between the gray resulting from the mixture of the colours in ques- 
tion and that produced by black and white. 

The accompanying figure represents graphically the complemen- 
tary relations of the Prang standard colours. The twenty-four colours 
are arranged at equal intervals on the periphery of the circle. Each 
one is connected by a straight line with that part of the periphery 
at which — according to a calculation based on Table X — the com- 
plementary colour is situated. From this figure it is obvious that 
the diflferentiation in quality in the Prang system is by no means 
equally distributed, for the complementaries form clusters around 
9, 15 and 23, and none of the connecting lines pass through the 
centre. This is certainly an imperfection of the Prang colour sys- 
tem. Had the Milton Bradley colours been used this defect would 
have been still greater, for in these the number of individual qualities 
is considerably smaller, and the breaks in the transition from green 
to blue and from violet to red are even wider. The fault lies in 
the fact that, in making up such systems of pigment colours, the 
dispersion spectrum, in which the differentiation of qualities is re- 
duced to the smallest space in the yellow and blue-green, has always 
been copied. For purposes of psychological experimentation a series of 
pigment colours should be constructed without regard to the solar 
spectrum, and simply with reference to a colour circle with equally 
distributed differentiation. 

In considering the relation in which the results of our experi- 
ments stand to the theory that the mobt agreeable combinations 
are those of complementary colours, we may group these results 
into four broadly marked classes: (1) those in which a maximum 
of agreeableness occurs at (or extremely near) the complemen- 
tary, (2) those in which the most agreeable combinations occur near 
the complementary, but in which the complementary itself stands 
rather low in the scale of agreeableness, (3) those in which decided 
maxima are on both sides of the complementary, whilst the comple- 
mentary itself is low, and (4) those in which the most agreeable com- 
bination does not occur at or near the complementary. 

The curves of the first class of results (i.e., those in which the 
most agreeable combinations occur at the complementary), are XI, 
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XIX, XXI, and XXIV. The complementary of XI lies between 21 
and 22, very near 22, while the most a^eeable combinations occur 
at 22 and 24. The complementary of XIX lies between 9 and 10, 
closer to 9 than to 10, and the most pleasant combination occurs at 9, 
10 having received but one judgment less. The complementary of 
XXI is 10, and the most agreeable combinations are found at 8 and 
10. The complementary of XXIV is between 14 and 15, practically 
at 14, and the maximal points occur at 11 and 14. In the case of 
those four colours, then, it may bo granted that the most pleasant 
combinations have occurred at (or exceedingly near) the complemen- 
tary; although in three cases out of the four another colour near the 
complementary, and separated from it by a marked depression, was 
chosen an equal number of times. 

The cases that fall into the second class (t.c, those in which the 
most agreeable combination occurs near the complementary, the com- 
plementary itself being low) are enumerated in the following table: 

TABLE XI 



1 

2 

8 
10 
12 
18 

14 

16 
17 
18 
22 
23 



Complementary. 



Between 14 and 15, nearer 15 
•• U and 15, " 16 
" 14 and 15, " 15 
** 15 & 16, very near 16 

21 
" 22 and 23, 
*' 22 and 23, nearer 23 



23 and 24, 

Sand 9, 

9 and 10, 

9 and 10, 

11 and 12, 

13 and 14, 



24 

8 

9 

9 

11 

13 



Max. Point of Agreeable- 
ness and Number of 
Times Choeen. 



14, twenty times. 

14» sixteen ** 

14, nineteen *' 

17, twenty-five '* 

22, twenty-nine ** 

23-1, twelve •' 

1, fourteen ** 

1, twenty " 

9, thirteen ** 

8, twenty-five " 

8, twenty-three " 

10, twenty-nine ** 

10, seventeen " 



Number of Times Comple- 
mentary is Chosen. 



15, nine 
15, six 

15, seven 

16, eleven 

21, seventeen 

22, five 

23, five 
\ 23, six 

I 24, sixteen 

8, eleven 

9, twenty-three 
9, sixteen 

11, sixteen 
13, five 



times. 



* When the complementary lies between two colours, as it does in most oases, we 
have taken the colour to which it is nearest. 

t The complementary is here really midway between 22 and 23, slightly inclining 
to 23. 

The curves of the third class (i.e., those in which the decided 
maxima are on both sides of the complementary, but in which the 
complementary is low), are IV, V, VI, VII and XX. The comple- 
mentary of IV is 15, and this is chosen but three times as the 
most pleasant combination, whereas 14 and 17 are chosen respec- 
tively eight and eleven times. The complementary of V, which is 
between 15 and 16, nearer to 15, lies again in a marked depression 
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between the decided maxima at 14 and 17, which are chosen eleven 
and fourteen times respectively. The complementary of VI is between 
15 and 16, much nearer 15. The latter colour was chosen but twice, 
while 14 and 17 were chosen thirteen and fourteen times respectively. 
The complementary of VII is between 15 and 16, slightly nearer to 
15, which was chosen twice, while 14 and 17 were each chosen sixteen 
times. The complementary of XX is midway between 9 and 10; 9 was 
chosen ten times, 10 sixteen times, and the maxima occurred at 8 and 
10, each being chosen sixteen times. 

The cases which illustrate the fourth class (i.e., those in which 
the maximum of the curve for the most pleasant combination does not 
occur at or near the complementary) are given in the following table: 

TABLE XII 



GOLOTTB. 



4 
9 

15 
28» 



COMPLEMENTART AND NUMBXB 
OF TiMEB ChOBKN. 



16, three times. 
/16, thirteen " 
117, twenty 
(22, five 
128, twelve 
(28, six 

t24, sixteen ** 
4, three '* 

(18, five 
114, six 



Maximal Point and Numbeb of 
Times Chosen. 



22, fifteen 

22, twenty-three 

( 4, eleven 

( 9, eleven 

9, twenty 

9, fifteen 

( 8, sixteen 

(10, seventeen 



times. 



The fourth class comprises cases in which the most agreeable 
combinations are found at medium intervals between the comple- 
mentaries, and therefore this class proves conclusively (without the 
support to be adduced from the other classes) that the most agree- 
able combinations need not occur either at or near the complementary, 
while classes (1), (2) and (3) shew that they may do so. Taking all 
the colours used in our experiments (as already noted some colours 
occur in two classes) we get the following summary: In four 
colours the most agreeable combinations occur at or very near 
the complementary, though in no case is the complementary the 
complete and sole possessor of the maximum. In thirteen colours 
the complementary, though near, is decidedly lower than the maxi- 
mal point of agreeableness. In five colours the most agreeable com- 

^This oolonr occnrred also in Class (2), bnt as there are maxima at mediom in- 
tervals also, it may be included here. 
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binations occur on both sides of the complementary and near it, 
while the complementary itself is low in the scale of agreeableness. 
In six colours the most agreeable combinations occur at medium in- 
tervals. 

The preceding summary relates to the curve of greatest pleasant- 
ness only. The relation of the maximal point in the curve of pleas- 
antness to complementarism is shown in the following table: 

TABLE XIII 



Ck)lour. 




Maximal Point of the 
Carve for Pleasant 
Ckimbinationa. 


1 


Betwee 


n 14 and 15 


10 


2 


14 and 16 


10 


3 


14 and 16 


11 


4 


16 


10 


6 


16andl6 


22(11) 

17 (21 and 1) 


6 


15 and 16 


7 


15 and 16 


s 


15 and 16 


18 (21 and 1) 


9 


16 and 17 


10 


21 


2 


11 


21 and 22 


3 


12 


22 and 28 


8 


18 


22 and 23 x . .. wx 


2 


14 


23 and 24 


9 


16 


4 


9 


16 


Sand 9 


8 


17 


9 and 10 


8 


18 


9 and 10 


8 


19 sj,.. 


9andl0 


7(9) 


20 :::.... : ..., 


9 and 10 


8 


21 


la « 


«- ■-■ 


22 


11 and 12 


8 and 10 


23 


13 and 14 


8 and^lO 


24 


14 and46 


10 




# 





The following facts are clearly shown in the above table: 
(1) In one case only (that of Curve XVI) does the maximal 
point of the curve of pleasant combinations coincide with the com- 
plementary colour, the latter being between 8 and 9 (nearer to 8), 
and the maximum at 8. 

(2) All the other colours could be divided into two classes. 
The one class, to which those from 6 to 9, and those from 17 to 97 
belong, have their maximal points near the complementary colour, 
but decidedly not coincident with it. To the other class belong the 
colours from 22 to 4, and from 11 to 15. These have their maxim^ 
point at a considerable distance from the complementary. 
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(3) In most cases in which, the maximum and the complementary 
are decidedly at variance, the latter falls very conspicuously in a 
marked depression. 

(4) It can be recognized distinctly that there is system in the 
shifting of the maximal point in the two groups which belong to 
the first class (those which have the maximal point near the com- 
plementary), and which comprise the yellow and the blue regions of 
the colour circle. The maximal point is always on that side of the 
complementary which is in the direction of the 'warm' colours (red, 
etc.) The same may be said of the other class, that is, the class 
which comprises the green and the red-purple part of the colour 
circle. The maximal points are for both colours on that side of 
the complementary which is towards the orange. 

These results are very instructive in their bearing on former 
theories, since they practically refute every theory advanced on the 
aesthetics of colour combinations with the exceptions of parts of the 
views of Von B&old, Briicke, Wundt and Kirschmann. It will be 
remembered that Von B&old stated two propositions with regard to 
to colour combinations,^ (1) that the most pleasant combinations do 
not occur at but near the complementary, which is substantially sup- 
ported in our results, and (2) that agreeable combinations do not 
occur at medium intervals. This proposition is decidedly refuted. 

Concerning the pleasantness of combinations of closely relateii 
colours our results, naturally, do not give very valuable information, 
since such combinations mostly require differences in saturation also, 
which we had, so far as possible, excluded from our experiments. (See 
No. 4 of the provisional rules for colour combinations, p. 39, suprcu) 
However, that the combination of very similar colours is not necessarily 
unpleasant, is brought out by the abrupt rise which mftuy of our 
' pleasant ' curves show at the ends». Thus our results do not con- 
tradict the views on this point of Briicke and Wundt 

Kirschmann's theory,* while not explicit with regard to medium 
intervals, does state quite clearly that the most agreeable combinations 
do not occur with complementary c6l6urV, but itether in the vicinity 
of these. This is undoubtedly true; the only addition necessary is that 
the most agreeable combinations need not be even near the com- 
plementary, and Kirschmann's theory in no way implies that they 
must. 

1 



See p. 87. 
s See p. 88. 
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Summary 

1. The traditional view regarding the preference of complementa- 
lies in colour combinations is unfounded. The correctness of this view 
is not warranted by previous experimental research, because the differ- 
entiation of the colour qualities used was not sufficient to decide 
whether the observers would prefer the complementary colour or some 
of its neighbours. There is also a lack of exact determination of the 
pairs which operate as complementaries in previous research. 

2. With minor exceptions our results tend to confirm the view 
that the most pleasant combinations are not between complementary 
colours, but between colours of less difference in quality. 

3. Our results show a slight but decided preference for the 
' warm ' side of the manif oldness of colour. The ^ centre of gravity ' 
of the combinations seems always to be not in the middle point of the 
colour circle but somewhere towards the side of the purple, red, 
orange and yellow. 

4. The alleged aversion to yellow is decidedly contradicted by our 
results, at least so far as concerns dual combinations. On the contrary, 
in our results the yellows have, as components, the highest record, and 
the combinations between yellow and purple rank foremost in the list. 

6. The foregoing conclusions refer to highly and equally saturated 
colours only. They cannot> therefore, be employed directly for the 
determination of agreeable colour combinations for practical purposes, 
for in these we have always to deal with surfaces which differ not only 
in colour-tone but also in saturation, a fact which may essentially 
change the above relations. The influence of the saturation on colour 
combinations remains a subject for a further investigation which has 
already been set on foot in the psychological laboratory of the Univer- 
sity of Toronto. 

IV 

ANTICIPATORY REMARKS TO FURTHER PUBLICATIONS 

In view of the importance of the relative proportions of the sur- 
faces in judgments of colour combinations, it was thought desirable to 
conduct a series of experiments in which it was possible to vary the 
size of the surfaces. This investigation, the results of which will form 
the subject of the next article, was carried on during the academic year 
1898-99 and continued throughout 1899-1900. The apparatus and 
method employed were entirely different from those used in the former 
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experiments. The apparatus was that described by Mr. W. B. Lane in 
an article published in No. 1 of the Psychological Series of the Uni- 
versity of Toronto Studies, entitled '' Space-Threshold of Colours, and 
its Dependence on Colour Contrast." It will be remembered that 
Professor Kirschmann in his preliminary rules emphasizes the in- 
fluence of shape, location, etc., in colour combinations. The difference 
produced by varying the relative proportions of the components of a 
colour combination seemed to be a revelation to observers. One, in his 
first surprise, remarked "Now, I know why one person speaks of a 
certain combination as pleasant while another calls it unpleasant. 
One is thinking of one comparative proportion, the other of another.*' 
A second obser\'er said " All these combinations are tolerable if you 
get them in the right proportions." 

The aim of these experiments had originally nothing to do with 
the problem which we treat in this article, for they deal with the in- 
fluence of the relative size, but it was found later that they threw 
considerable light on our present problem. They form, therefore, a 
very desirable supplement to the foregoing experiments, since they 
were perfoimed with colours spectrally very pure, and, further, all 
differences of light intensity were excluded. The results of these ex- 
periments will be set forth in the next article, but w^e may anticipate 
here the fact that so far as it is possible to compare these new results 
with those of the present investigation the legitimacy of our con- 
clusions is essentiallv corroborated. 



EXPERIMENTS WITH SCHOOL CHILDREN ON 
COLOUR COMBINATIONS 



By 
W. J. DOBBIE, M.A. 



EXPERIMENTS WITH SCHOOL CHILDREN ON 
COLOUR COMBINATIONS. 



Some years ago a statistical inquiry into the colour sense of school 
children was conducted by the Psychological Laboratory of the Uni- 
versity of Toronto. One of the tasks assigned to the children was to 
arrange six so-called principal colours, representing the colour tones 
of the spectrum, in a series with given colour tones at the ends, or in 
a circle. The intention was to find out whether children, unbiassed 
by any knowledge of the order of the colours according to their wave- 
lengths or ref rangibility, would prefer, as Wundt ^ and others assert, 
the spectral order to any other arrangement. But the results are of 
some interest also from an aesthetic standpoint, and to show this is 
the purpose of the following pages. 

The colours used were red, orange, yellow, green, blue, purple 
(the latter a little more towards the red than the spectral violet). The 
coloured objects to be arranged consisted of pigment papers pasted on 
thin cardboard, and punched out in discs three-quarters of an inch in 
diameter. Each disc was marked on the back with a letter and a 
number, the double marking being resorted to in order to prevent mis- 
takes in noting down the results. The letters had no relation to the 
names of the colours, and the numbers no reference to the spectral 
order, so that if the child should happen to see the back of the discs, 
he should have no clue with regard to a desired order. For the sake 
of simplicity each of the objects will be designated in this article by 
the initial letter of the name of its colour. 

The children performing the experiment were given each a set of 
the discs and the following instructions: — 

1. Arrange the six colours in a line, with Y and O at the ends. 



2. 


<C 




u 




*• 


BandG 


a 


<* 


3. 


CC 




u 






B and 


a 




4. 


iC 




ii 






P and B 


« 




5. 


u 




a 






G and B 


t< 




6. 


u 




u 






Oand Y 


f< 




7, 


CI 




iC 






BandY 


a 




8. 


u 




C( 






B and P 


u 




9. 


Arrange th€ 


) six 


colours 


in a 


circle. 









^Wundt, Die Empfindung de$ Liehten und der Farhen, (Philos. Stndien, vol. iv, 
. 845, et $eq,) 
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The arrangements made by each child were to be those most pleas- 
ing to him (not, as in the experiment of Wundt, according to their 
similarity). No two were even allowed to work together, nor was 
outside influence in any case permitted. The grouping was thus, in 
every case, the result of the individual's unaided and unbiassed choice. 
The name and age of the child making the arrangements, the average 
age of the class in which he was, and some remarks concerning his eye- 
sight were also kept for future reference. 

The arrangements were made by seventy-five boys and girls rang- 
ing in age from nine to seventeen years. As a result 675 arrangements 
were secured. Only those children were allowed to make observations 
who had no knowledge whatever of the spectral order of colours, and 
who were unable to remember the order of colours in the rainbow. 
Nearly all of those who made the observations had never seen, or even 
heard of the spectrum, and had never paid any particular attention to 
the rainbow. It must be noticed also, that the correct spectral order, 
with R and P at the ends, is the last of the above list of eight. 

In making calculations in connection with the experiment it 
was necessaiy first to determine the number of permutations of 
two, three, four, five or six colours that could possibly occur. These 
numbers are given in the table below. 

Table 





Nnmber of poaBible combinations of 




2Co]oara 


3 Colours 


4 Golonra 


a Colonra 


6 Colonn 




3 

H 


1^. 

1— 1 






*3 


1 


1 


1 

U 


3 

o 

H 




Arr&nged in ft straight line— 




















with Y fttid G at endi . . 


20 


8 


48 


fl 


72 


4 


48 


3 


24 


1 


" R " G - 


SO 


8 


46 


4 


73 





48 





34 





'* K '* 


20 


S 


48 


6 


72 


4 


48 


7 


24 




1. P .. B M 


20 


B 


46 


G 


72 


4 


48 


S 


24 




** G ■■ B " 


20 


6 


48 


6 


72 


4 


48 


2 


24 




" *^ T M 


20 


H 


48 


e 


72 


4 


48 


2 


24 




.1 B u Y .* 


20 


8 


48 


4 


72 


2 


48 





24 




" E *' P »* 


20 


8 


4B 


6 


73 


I 


48 


2 


24 




Arranged in a circle, ...,,,.,.«* 


SO 


13 


120 


13 


d@o 


IS 


720 


13 


720 


12 
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In six of the above series, with the arrangement in a straight line, 
the colours at the ends are neighbours in the colour circle. The other 
two series (B and 6, B and Y at the ends) were added as a test as to 
whether the juxtaposition of neighbouring colours of the spectrum 
receive any preference, even in cases where complete spectral order is 
impossible. 

The results of the experiments may be utilized, besides their origi- 
nal purpose with regard to the spectral order, as a test for the much 
disputed question whether in colour combinations small intervals, 
medium intenals or maximal intervals have the most pleasant effect. 
It is true that the above trials deal always with combinations of six 
colours. Thus these experiments can only give, strictly speaking, data 
about the aesthetic value of combinations of two, three, four, etc., 
colours when forming part of combinations of six. 

The following is a list of the possible combinations, and the num- 
ber of times they were chosen. 



r T 
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I. Yellow and Oreen at the ends. 

Combinations. Number of times c 

Y R P B G 16* 

Y R B P G 10( 

YOPBRG 2 

YOPRBG 1 

YOBRPG 3 

YOBPRG 3 

YRPBOG 1 

Y R P B G '. 2 

YRBOPG 3 

YRBPOG 1 

YROBPG 

YROPBG 4 

YPBORG 3 

YPBROG 2 

YPORBG 

YPOBRG 6t 

YPROBG 2 

YPRBOG 2 

YBORPG 1 

YBOPRG 5( 

YBRPOG 3 

YBROPG 1 

YBPROG 1 

YBPORG 1 
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II. Bed and Oreen at the ends. 

Combinations. Number of times chosen. 

ROYPBG 15(*) 

ROYBPG 5 

K P B Y G . . . •. 4 

ROPYBG 2 

BOBYPG 

ROBPYG 3 

RYPBOG 1 

RYPOBG 4 

BYBOPG 6(t) 

BYBPOG 1 

RYOBPG 3 

RYOPBG ».. 4 

R P B Y G 1 

RPBYOG 

RPOYBG a 

RPOBYG 1 

RPYOBG 1 

R P Y B G 1 

RBOYPG 

RBOYPG 8(t) 

RBYPOG 5(t) 

R B Y P G 4 

RBPYOG 

BBPOYQ 1 
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III. Bed and Orange at the ends. 

Comblnattona. Number of times chosen. 

RGYPBO 2 

B 6 Y B P 1 

BGPBYO 2 

BGPYBO 5t 

BGBYPO 3 

BGBPYO 2 

BYPBGO 5 

B Y P G B 3 

BYBGPO 1 

BYBPGO 3 

BYGBPO 4 

BYGPBO 4 

B P B G Y 15* 

BPBYGO 3 

BPGBYO 1 

BPGYBO 

BPYGBO 2 

BPYBGO 

RBGYPO 

BBGPYO 1 

BBYPGO 7(t) 

BBYGPO 5 

BBPYGO 3 

BBPGYO 1 
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IV. Purph and Blue at the ends- 

Combinations. Number of Umes cbosen. 

PGYBOB 

PGYORB 5 

PGBOYB 1 

PGRYOB 3 

PGOYRB 3 

PGORYB 2 

PYROGB 2 

P Y R G B 5t 

PYOGRB 3 

PYORGB 

PYGORB 3 

PYGROB 

PEOGYB 7(*) 

P R Y G B 15* 

PRGOYB 1 

PR G YOB 1 

PRY GOB 7 

PRYOGB 14(*) 

P G Y R B 1 

POGRYB 

POYRGB 1 

POYGBB 3 

PORYGB 1 

PORGYB 1 
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V. Orange and Yellow at the ends. 

Combinations. Number of Umes chosen. 

OPBRGY 

OPBGRY 2 

OPRGBY 1 

P R B G Y 2 

OPGBRY 2 

OPGRBY 8(t) 

B R G P Y 5t 

OBRPGY 4 

OBGPRY 1 

OBGRPY 1 

OBPGRY 1 

OBPRGY 8 

ORGPBY 

ORGBPY 4 

R P G B Y 5 

R P B G Y 17* 

ORBPGY 5 

R B G P Y 

OGPBRY 3 

OGPRBY 

OGBRPY 

OGBPRY 5 

OGRBPY 1 

OGRPBY 4 
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VI. Green and Blue al the ends. 

Combinations. Number of times chosen. 

(i r Y R B 1 

G P Y R B 1 

G P B Y B 2 

G P R Y" B 3 

G P Y B B 

G P R Y B 2 

G Y R P B 1 

(J Y R P B 3 

G Y P R B 4 

G Y O R P B 18* 

G Y P R B 

G Y P R B 3 

G R P Y B 2 

G R Y P B 1 

G R P Y B 4 

G R P Y B 2 

GRYPOB ..■ lit 

G R Y P B 3 

G P Y R B 3 

GOPRYB 3 

G Y R P B 3 

GOYPRB 1 

G R Y P B 1 

GORPYB 1 
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VII. Blue and Yellow at the ends. 

ComblnaUons. Number of times chosen. 

BPOEGY 6 

BPOGBY 

BPRGOY 2 

B P K G Y '. 11(*) 

BPGORY 2 

BPGROY * 

B R G P Y 5t 

BORPGY 1 

BOGPRY 1 

BOGRPY 4 

BOPGRY 7 

BOPRGY 

BRGPOY 

BRGOPY 4 

BRPGOY 1 

BRPOGY r 

BROPGY 1 

BROGPY 4 

BGPORY 1 

BGPROY 3 

B G R P Y .1 

BGOPRY 1 

BGROPY 3 

BGRPOY 3 
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Yin. Bed and Purple at the ends. 



Combinations. Number of times chosen. 

R Y G B P 30* 

KOYBGP 1 

KOGBYP 1 

ROGYBP 5 

ROBYGP 1 

ROBGYP 

RYGBOP 1 

RYGOBP 1 

BYBOGP 4 

RYBGOP 3 

RYOBGP 1 

RYOGBP 

RGBOYP 5 

RGBYOP 5 

RGOYBP 

RGOBYP 8t 

RGYO'BP 

RGYBOP 1 

RBOYGP 2 

RBOGYP .5 

RBYGOP 2 

RBYOGP 8 

RB6Y0P 2 

RBGOYP 3 
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IX. Arranged in a circh. 

The 720 poBstble permatations oumot be given. The table is confined to thoae 
actually chosen.' 



Combination. 



Number of 
times chosen. 



Y 
Y 
Y 



B R P G 1 

G K 15 2 



Y O 

Y 



R 
R P 
R B 



P B. 
B G. 
P G. 



1 

6* 

2 



Y 
Y 



Y B 



Y 
Y 
Y 



B G R 2 



G K. 
G R. 



B R 1 



B R P 1 



Y" R 
Y G 



B P R 0. 
G P B. 
B P R. 



Y 
Y 
Y 



Y G 

Y B 



Y 

Y 
Y 



e* 

1 

2 

G R B 2t 

PROG 1 

G R P 2 

3 

2 

1 

1 



Y B 

Y P 

Y B 



P R B 

P R G 

R P B 

G P B 

G B P 1 

ORG P 1 

R B G 2 

G P R 2 



Combination. 



Y 
Y 
Y 
Y 
Y' 
Y 
Y 



R B G. 
G B R. 
B G R. 
B G R 
G R 

G R B. 

P G. 



P. 
P. 



Y R 

Y B 



P 
R 
B G 



Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 



R G 
R 



Y G 

Y R 



P 
P 
P 

ROB 

G R 

G 

B R 

R G 

G B 

B R 

B R 

B G 



P 
P 
P 

P 
P 



Y 
Y 
Y 
Y 
Y 



B R G. 
G B R. 
P R G B. 
R B G 0. 
B G R. 



Number of 
times choaen. 



t 



' The catting of the circle, for the sake of designation, in this table between 
yellow and orange is perfectly arbitrary bat irrelevant. 
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In the above tables the combinations with the least possible dif- 
ference between neighbouring colours^ i.e. the arrangements in spectral 
order> are marked by an asterisk, and close approach to this order by an 
asterisk in brackets. Combinations with maximum difference between 
the members are marked by an obelus^ and sometimes close approach 
to such order by an obelus in brackets. 

A glance over these tables reveals the fact at once that the com- 
bination with TnJTiiTPiim difference (spectral order) has a decided pref- 
erence. Whilst all the other combinations, with a few exceptions, are 
chosen fewer times than ten, the arrangement in spectral order is never 
below fifteen and even reaches eighteen and twenty. That is to say, the 
spectral order has been preferred throughout in twenty to twenty-five 
per cent, of all cases. In the two series with red and green, and yel- 
low and blue at the ends, complete spectral order is impossible, yet we 
see that the nearest possible approach to spectral order is most favoured. 
But also in the other series, a combination which is a close approxima- 
tion to the spectral order, with minimum differences, is sometimes 
given a number as high as and even above ten. It is possible that in 
many instances where the children selected such close approximations, 
impatience or fatigue prevented a still more favourable result. 

It will further be noticed that combinations with the maximum 
difference between the members, i,e. arrangements with juxtaposition 
of contrasting colours, seem to be far less pleasing than the spectral 
order, although they are more often chosen than many other combina- 
tions. It is remarkable that certain approximations to the contrasting 
combinations are more favoured than those combinations themselves. 

The actual results may now be compared with the numbers, which, 
according to the theory of probability, should fall to the share of the 
combinations with minimum differences. 

A. Arrangement in a Straight Line. 

I. Combinations of Two Colours. — The number of combinations with 
minimum differences (spectral order) is to the number of all possible 
combinations as 8 to 20. Since there are in each series five combina- 
tions of two, and there were eight series, each performed by seventy- 
five children, there were 3,000 combinations of two chosen. Accord- 
ing to the tables, combinations of two neighbouring colours occurred 
1,347 times. According to the law of probability there should be only 
1,200 cases of such combinations. Thus, combinations of neighbour- 
ing colours amount to 45 per cent, instead of 40 per cent., in spite of 
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the fact that not all th^se cornhdnations are favourable, to a tendency 
for the arrangement in spectral order. For instance, in an arrange- 
ment with yellow and green at the ends, the combination orange-red 
will correspond to the spectral order, whilst red-orange, in itself just 
as good a combination of neighbouring colours, will be decidedly ad- 
verse to this order. It must be further noticed that the number of 
3,000 combinations fixed upon, as stated above, is a little too high, for 
a few observations had to be omitted on account of incompleteness or 
inaccurate recording. It was impossible in some cases, owing to the 
death of the observer or other difiBculties, to have the experiment re- 
peated. Thus the results are actually a little more favourable to the 
combination with minimum differences than they appear in the num- 
bers stated above. The same must be said for the other combinations. 

II. Combinations of Three Colours. — For three colours the number 
of combinations with minimum difference is to the number of all pos- 
sible combinations as 6 is to 48, in the case of two neighbouring colours 
being at the ends of the series, and as 4 is to 48, in the two series with 
complementaries at the ends. There are altogether 1,800 (75X6X4) 
combinations of three chosen in the series with neighbouring colours 
at the ends. In 532 of these cases the combination according to the 
spectral order was preferred. According to the law of probability, only 
225 favourable cases might be expected. Thus instead of 12i per cent., 
we find almost 30 per cent. In the two odd series where there are 600 
possible combinations of three (2x4x75)^ the ratio between favourable 
and all cases should be as 4 is to 48, but instead of 8 J per cent, of 
all cases we find almost 13 per cent., viz., 78 cases favourable to the 
spectral order. 

III. Combinations of Four Colours. — We shall now only refer to 
the series with neighbouring colours at the ends. Since each child 
fixed upon 6X3 combinations of four, there are 75X18=1,350 combina- 
tions selected. Only four of every 72 are combinations with mini- 
mum difference. But this order was preferred in 322 cases, that is, 
in almost 24 per cent, of all actual cases, against 5 J per cent, as ac- 
cording to the law of probability. 

IV. Combinations of Five and Six Colours. — There were selected 
by the children 6X2x75=900 combinations of five colours. The num- 
ber of combinations with minimum difference is to the total number 
of all possible combinations as 2 is to 48, or 4 J- per cent. But we 
find that in 202 selections the spectral order was preferred, which 
amounts to 22 f per cent, of all actual cases. This same number is 
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